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PREFACE 


These  Proceedings  were  taken  from  the  tape  recording  of 
the  speeches  with  only  minor  editing.  In  some  cases  it  was  not 
possille  to  oitain  the  illustrations  used  ty  some  speakers,  never¬ 
theless  their  references  to  motion  pictures  or  projectuals  have 
leen  retained,  for  to  have  edited  them  out  would  have  unduly  dis¬ 
torted  the  text. 
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MR.  H0DG1: :  I'd  like  to  welcome  you  to  the  NASA/FAA  Workshop 
on  Wake  Vortex  Alleviation  and  Avoidance.  My  name  is  Ken  Hodge, 
I'm  from  NASA  Headquarters  and  I'm  one  of  your  Co-Chairmen.  It's 
my  great  pleasure  to  introduce  the  other  Co-Chairman  of  this 
meeting,  Robert  W'edan.  Boh  is  Deputy  Director  of  the  Systems 
Research  and  Development  Service  of  the  Federal  Aviation  Adminis- 
t  rat  ion . 

MR.  WFDAN :  !  would  like  to  echo  the  the  words  of  Ken  Hodge 

and  say  that  on  behalf  of  the  FAA  I  also  would  like  to  welcome  you 

to  this  conference.  Perhaps  the  first  thing  that's  on  your  mind 
this  morning,  the  minds  of  everybody  as  a  matter  of  fact,  is  per¬ 
haps  the  weather.  You  might  be  wondering  why  we're  not  holding 
this  workshop  in  Miami,  but  like  most  situations,  there's  a  good 
side  and  a  bad  side.  I  won't  mention  the  bad  side,  if  you  were 
driving  in  this  morning  you  probably  know  that.  The  good  side  is 
that  there's  nothing  to  do  outside  so  therefore  it  gives  us  the 
opportunity  to  really  focus  in  on  the  questions  that  are  before  us 
at  this  conference.  I  say  that  not  to  be  humorous  but  to  be 
serious.  I  think  that  the  subject  of  the  Wake  Vortex  Alleviation 
or  the  Vortex  Avoidance  Systems  is  uppermost  in  the  minds  of  those 
of  us  who  have  ahead  of  us  decisions  to  be  made  on  limited  re¬ 
sources  for  RljP  work.  So,  it  is  an  important  thing.  We  hope  that 

you  can  put  your  minds  to  the  task  over  the  next  two  days  to 

participate  and  get  things  rolling.  1  would  like  to  introduce  Jim 
Andersen,  who  is  the  Director  of  Air  and  Marine  Systems  here  at 
TSC ,  who  will  be  speaking  as  host,  and  be  extending  to  you  words 
from  the  Director. 

MR.  ANDFRSFN:  Thank  you,  Bob,  and  good  morning. 

Jim  Costantino  had  to  be  away  from  the  Center  for  a  few 
hours  this  morning,  and  so  he  has  asked  me  to  welcome  all  of  you 
to  TSC  and  the  FAA/NASA  sponsored  Workshop  on  Wake  Vortex  Allivia- 
t ion  and  Avoidance. 

We  have  been  playing  a  major  role  in  the  FAA  Wake  Vortex 
Program,  and  as  many  of  you  know,  TSC  developed  the  Vortex 
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Advisory  Svstem  which  is  acheduled  to  begin  an  operational  tost 
at  Chicago's  OMIare  International  \irport  in  the  spring. 

As  some  of  you  may  already  know,  ISC  sponsored  an  Interna¬ 
tional  Conference  on  Aircraft  hake  Vortices  in  March  of  l'.'"". 

That  Conference  brought  together  transportation  and  aeronautical 
specialists  from  government,  industrv,  and  academia  from  the 
United  States  and  around  the  world  to  discuss  t  he  prog r es s  be  i  ng 
made  in  analyzing  wake  vortices  and  the  experimental  systems  and 
alleviation  devices  developed  to  cope  with  the  vortex  problem. 

It  is  a  particular  pleasure  to  welcome  back  those  of  you  who 
were  here  last  year,  1  also  want  to  extend  a  special  welcome  tv' 
those  of  you  who  are  users  of  the  airspace,  as  well  as  those  of 
voti  who  have  come  to  help  address  the  basic  questions  of  opera¬ 
tional  philosophy  and  economics,  which  affect  all  of  us  and  which 
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Cambridge.  this  Venter  is  the  Department  of  Transportation's 
major  research,  analysis,  and  development  facilitv  for  highwav, 
air,  rail,  pipeline,  and  marine  modes  of  transportation. 

Kith  an  annual  budget  of  $(>0,000,000  and  a  staff  of  approx  i- 
matelv  one  thousand  federal  employees  and  support  contractors, 

I'SC  carries  out  major  R()P  programs  for  the  Office  of  the  Secreta n 
of  transportation  and  for  all  major  agencies  within  the  Department 
of  Transpor t at  i on ,  hence  our  direct  support  of  the  l-'AA  hake 
Vortex  Program. 

We  also  provide  the  Department  of  Transportation  and  state 
and  local  governments  as  well  as  private  industrv  with  engineer¬ 
ing,  economic,  and  planning  information  for  all  types  of  trans¬ 
portation  programs.  We  are  involved  with  problems  of  urban, 
intercitv,  rural,  and  national  passenger  and  freight  transport, 
ativl  the  anahtical  support  to  the  entire  Department  with  a  pro 
fossional  staff. 


We  have  engineers,  sc  i  on  t  i  s  t  s  ,  common  i  t  \  planneis,  economists 
"a  t  hena  t  i  c  i  ans  ,  soc  i  o  1  or,  i  s  t  s  ,  aiul  c  ompu  I  e 1  spec  i  a  1  i  s 1  s  .  I  Si  is 
cmii'iit  h  enraged  in  more  than  one  hundred  lift'  research  protects 

While  vou  are  here,  vou  m a \  wish  to  see  what  it  is  that  we  ar 

Jem  ,  some  of  the  work  that  we  are  doiny;  theret’ore,  1  want  to 

take  t  li  i  s  opportunity  to  invite  all  ot  vou  to  eome  anil  visit  out 
I  1  l  c  h  t  Serviie  Station  \u  t  oma  t  i  on  l  a  ho  ra  t  o  r  \  .  1  he  T  1  i  y  h  t  Service 

S  t  a  t  i  on  \ut  o:  ia  t  i  on  1  a  bora  t  o  r  v  utilizes  a  eoiiipii  t  e  r  eon  t  ro  I  1  e  d  voire 

response  technique  to  eneoile  i  ur  rent  weather  ilata,  anil  in  turn,  it 
proviiles  automateil  voue  pilot  profliyht  weather  briefings  via 
t  e l ephone . 

Ill  i  s  system  is  eurrent  1'  undergo  iny  a  ven  successful  opera 
tional  test  in  the  Washington,  IV  area. 

Another  ot  our  laboratories  which  mav  he  ot  some  interest 
to  vou  is  the  Tire  Testing  I  ahorat  on  ,  which  anal'  od  the  IK  It' 
tires  from  the  March  1,  I ,r  S , I o  s  inpeles  air  crash  Tor  the 
National  Transportation  Safe  tv  Hoard. 

The  Dynamometer  laiboratorv  and  the  computer  facilities  are  a 
tew  of  the  other  areas  here  at  ISO  which  vou  mav  care  to  visit 
while  vou  are  here. 

It  vou  should  like  to  make  a  tour  of  the  1 ahora t o r i os  ,  please 
leave  votir  name  at  our  Message  tenter. 

All  the  necessary  arrangements  will  he  made  for  vou  to 
participate  in  a  tour  of  the  laboratories. 

Once  ayain,  welcome:  1  hope  your  star  here  is  a  pleasant  one. 

1  would  now  like  to  turn  the  rostrum  over  to  1'r.  dames 
Kramer,  the  Associate  Administrator  for  Aeronautics  and  Space 
Techno  1  or.  v  in  the  National  Aeronautics  and  Space  Adm  i  n  i  s  t  ra  t  i  on  . 

I'r.  Kramer. 

l'K.  MIAMI  U:  Thank  vou,  dim,  for  the  introduct  ion  and  also 
for  the  hospital  it'  here  at  ISO.  We  appreciate  hoi  up  able  to  turn 
over  the  details  of  takiny  care  of  a  yroup  of  people  like  this  to 


a  g roup  as  competent  as  r S ( "  and  who  arc  generous  in  their  support, 
he  do  appreciate  it. 

We  have  had  several  conferences  on  Wake  Vortex  Uleviation 
going  back  over  the  last  several  years.  dim  mentioned  the  one 
that  was  up  here  a  year  ago,  and  previous  to  that  we  had  a  sympos¬ 
ium  in  Washington  discussing  the  topic,  and  we  are  going  to  do  it 
again  here  today  at  this  conference.  1  would  like  to  make  a 
special  note  of  the  fact  that  operating  in  this  mode  with  the 
opportunity  for  a  very  free  exchange  of  views  during  the  course 
of  the  program  is  precisely  the  kind  of  activity  that  l  encouraged 
the  VASA  people  to  he  involved  in  so  that  we  do  indeed  remain  in 
touch  with  the  aeronautical  user  community.  The  community,  we 
hope,  is  looking  forward  to  the  results  of  the  research  and  tech¬ 
nology  advancement  efforts  that  are  being  made  in  the  NASA  labora¬ 
tories  and,  under  NASA  funding,  by  industry,  universities,  and 
non-profit  organizations.  1  am  not  at  all  an  expert  on  wake 
vortices.  I'm  not  an  aerodynum i c i s t .  I  was  carried  that  way  on 
the  NASA  rolls  for  a  while,  back  a  few  years  ago,  when  1  was  head 
of  the  \erodynamics  Division  in  NASA  Headquarters  and  \1  Gessow 
was  working  for  me.  He  had  just  hit  the  motherlode  of  funding 
because  the  FAA  had  pronounced  the  wake  vortex  a  very  significant 
problem.  As  a  result,  Al  had  parlayed  that  statement  into  about 
a  $15  million  check  for  doing  research  on  wake  vortex  alleviation. 

My  view  of  the  program  is  one  of  a  very  interested  general 
manager  with  no  detailed  technical  expertise  in  the  area.  So  1 
feel  perfectly  qualified  to  tell  you  what  my  views  are  on  the  work 
on  wake  vortex  alleviation. 

W'e  have  invested  --  I  don't  know  the  number  precisely  -- 
but  something  between  $10  and  $20  million  of  NASA  resources  in 
support  of  the  national  objective  of  finding  ways  of  modifying 
aircraft  or  in  general  alleviating  the  wake  vortices  which  are 
generated  hv  transport  aircraft.  And  I  would  sav  that  the  work 
that  has  been  done  by  the  people  involved,  whether  working  for 
NASA  or  working  for  industry  as  partners  in  the  total  team,  has  hoc 


a  very  competent  engineering  job.  My  impression  of  the  results 
that  we  will  all  hear  a  lot  more  about  today  is  that  very  inter¬ 
esting  and  useful  engineering  information  has  been  generated  which 
could  lead  to  significant  alleviation  of  the  wake  vortices  being 
generated  by  aircraft;  however,  this  research  activity  did  not  lay 
the  golden  egg.  No  solutions  to  the  wake  vortex  problem  have  been 
found  which  don't  weigh  anything, which  don't  generate  any  drag, 
which  don't  increase  noise,  or  which  don't  cost  something.  I've 
been  involved  in  advanced  technology  activities  for  some  time  and 
I've  never  found  one  of  those.  So  1  think  it  is  perfectly  un¬ 
realistic  to  expect  that  we're  going  to  find  one  in  this  area 
e i t  her . 

I'm  somewhat  concerned,  therefore,  and  1  find  this  a  particu¬ 
larly  timely  spot,  in  the  program  to  assess  just  where  we  arc  going 
with  this  kind  of  activity.  I  see  us  having  in  place  a  good 
NASA/ i ndus t ry  team  which  is  quite  competent  to  do  first-class 
engineering  work  on  a  significant  national  problem,  and  it  is 
really  time  to  decide  what  we're  going  to  do  with  that  capability. 
I  do  not  mean  to  say  that  the  capability,  just  because  it  is  good 
and  has  been  generated  by  a  NASA/ indust ry  team,  lias  got  to  be  used 
on  the  other  hand  I  do  think  that  if  this  kind  of  information 
being  generated  by  our  first-class  engineering  teams  docs  not  have 
a  reasonable  prospect  of  being  used,  we  should  direct  our  efforts 
into  more  productive  activities  because,  Lord  knows,  there  are 
plenty  of  problems  associated  with  aeronautics  in  the  United 
S  t  a  t  e  s  . 

So  I  see  it  as  timely,  and  I  think  that  we  really  need  to 
have  an  extensive  dialogue  with  the  potential  user  community  so 
that  we  know  what  directions  our  future  research  efforts  should 
take  and  at  what  level  we  should  pursue  them.  It's  not  a  cheap 
business  that  we're  in;  we  can  carry  it  out  at  various  levels  of 
funding  or  various  levels  of  resource  investment  and  that's  basic¬ 
ally  the  kind  of  decision  we're  faced  with  in  a  general  management 
function  like  ours  in  NASA  headquarters.  It  is  up  to  you  people 
to  discuss  the  alternatives,  to  decide  which  wavs  of  coping  with 


this  an  transportation  svstem  problem  are  the  most  appropriate 
and  to  def  ine  for  ns  what  indeed  makes  sense  for  NASA  to  he  doing 

I  hope  eon'll  do  that  and  take  it  seriouslv  in  the  next 
couple  of  days  and  keep  the  lines  of  communicat ion  open  to  us. 

....  encourage  you  not  to  expect  tht  olden  <  ,  but 

!,  nest,  practical  engineering  work  which 
has  tin  potential  of  havin  i  significant  impact .  However,  it  is 
on  1 >  relevant  if  that  significant  impact  is  indeed  needed  by  the 
air  transportation  system. 

Thanks  very  much. 

MR.  HI  \ki  :  Thank  > ou  ,  Jim. 

\  1  \1  recht ,  \ct i  oc i at e  \dm in i st rat or  for  Engineer  in 

Heve  lopnent  for  1  AA  has  asked  me  to  pass  on  to  you  his  regrets  at 
be  here  personally  today,  lie  also  wanted  me  to 
emphasi.-.e  his  feelings  on  the  very  high  importance  that  he  places 
n  the  subject  of  this  conference.  So  in  his  behalf,  I  would  lik 
to  join  Mi",  \ndersen  and  Tim  Kramer  in  welcoming  you  to  this 
con  fe  fence . 

Now,  since  they  have  already  covered  the  overall  purpose  of 
the  workshop,  I  would  like  to  take  the  next  several  minutes  to 
underscore  the  importance  which  TAA  and  the  aviation  community 
attach  to  the  development  of  wake  vortex  detection,  prediction 
and  alleviation  techniques.  Ke  believe  that  these  techniques 
either  alone  or  in  combination  with  an  automated  terminal  area 
traffic  management  function  are  the  kev  to  achieving  the  reduced 
interaircraft  arrival  spacings  which  in  turn  are  t  tie  key  to  help¬ 
ing  us  achieve  our  goals  of  higher  airport  capacity. 

Our  later  speakers  will  present  an  assessment  of  the  impor¬ 
tance  of  achieving  reduced  spacings,  measured  in  terms  of  the 
financial  and  operational  gains  accrued  to  the  users  of  the  air 
space,  particularly  at  our  major  airports.  And  as  you  will  see, 
relief  from  the  use  of  the  present  relatively  large  interaircraft 
spacings  that  we  believe  can  be  achieved  through  use  of  vortex 


iK' t  ec  t  i  mi  ;iinl  alleviation  systems  ol  Ut>-  wli.it  appears  to  lu'  itrv, 
ven  mi hs  t  an  t  i  a  I  hone  l  i  t  s  i  ndeed  . 


Mow,  main  ot  von  know  that  we  in  itiat  oil  a  broad  rain:  ing 
activitv  last  sprinj:  ,  to  toons  our  future  eng  i  nee  r  i  ny  ami  develop 
me n  t  programs  on  the  major  problems  as  seen  by  the  a\  iat  ion  eom 
munitv.  \oarlv  (>0  oryan  i  /at  ions  with  approximate!'  experts 

have  been  part  icipat  ing  in  this  new  en  >■ i  nee  r  i  nr  anil  ileve  I  opinen  t 
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wavs  at  our  major  hubs.  Hut  we  all  know  the  praetieal  xlillicultv 
ill  achieving  this  solution  ami  this  is  pointed  up  to  us  by  the  ne 
cm:  i  nee  r  i  in:  ami  development  eng.  i  niter  i  in:  initiatives  experts. 

Tliov  are  doing  evervthing  possible  to  iiurease  the  capacitv  at 
our  existing  airports.  \ml  although  the  tinal  report  and  the 
reeotttinemla  t  i  on  s  of  the  new  I '  I,  I )  initiatives  ac  t  i  v  i  t  i  in  this  area 
are  still  to  be  submitted  to  I  A  \ ,  the  group  dealing,  with  this 
effort  has  x'onx'  1  udi'd  that  whatever  could  In'  done  to  reduxe  inter 
arrival  spacing,  to  reduce  runwav  occupancv  t  i  mix' ,  and  to  allevi 
ate  tin-  effects  of  wake  vortex  turbulence  must  be  done,  and  must 
be  done  very  energet  icallv. 

IV  e  would  1  i  kx-  in  these  two  dais  to  share  with  vou  the  effort 
that  we  at  NASA  aiixl  the  I  \A  have  underway,  and  their  respective 
results  as  uo  sx’c  them.  Ami  also  to  solicit  I  rom  you  advii'o  ami 
gu  i  il  a  nc  x’  to  both  1  A  A  ami  NASA  on  the  lu'sl  wavs  to  more  ahi'axl,  ami 
to  produce  the  needed  reductions  in  delay  and  increases  of  el  lev 
live  capacity  at  our  major  airports. 

Manv  of  vou  a  1  rx'Uxlv  know  that  NASA  has  bx'x'ii  working  on  t  lu' 
al  lev  iat  ion  of  wake  vortex  effects  at  t  hi'  sourci’,  while  I  \\  has 
x'onccn  t  ra  t  ml  on  svsti'tus  to  ileti'xt  ami  to  avoid  t  hi'  x' I  tints  ol 


wake  vortex  turbulence  through  the  uso  of  yrouiwl  based  srstnus, 

\inl  this  latter  effort  has  involved  the  stall'  here  at  ISO  ver\ 
heavilx  in  the  desiyn  ol  vortex  detection  and  avoidance  systems. 

He  believe  that  the  work  to  date  h.is  shown  the  potential  i'l 
this  type  ol  svstem,  and  we  look  forward  to  your  advice  and 
outdance  in  defininy  out  future  efforts  and  placing  the  proper 
development  emphasis  in  this  most  important  area.  before  turniny 
the  rostrum  over  t  o  Jerry  Plwivkin,  I  would  1  i  ki  t o  thank  the 
If  ansport  a  t  i  on  Svstoms  Centei  lot  their  ten  special  efforts  in 
support iny  this  conference;  and  our  special  thanks  tit  dim  \ndersen 
and  Bill  Wood,  who  hate  taken  care  of  the  pit's  teal  arrangements 
for  us  here  in  Cambridye. 

de  rrv ? 

MU.  Cl  IAVK 1 \ :  Thank  you ,  Veal,  and  rood  morn  iny  ladies  and 
yen  t  1  omen  . 

foil'll  not  ice  in  coin  proyram  that  dim  \ndersen  and  I  , 
besides  beiny  participants,  are  also  listed  as  eryaniers.  One  ol 
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Those  of  you  who  are  speakers,  please  well  before  your  time 
for  speaking,  net  your  visuals  to  the  and io/v i sua 1  desk,  which  is 
right  outside  the  door.  because  of  the  rearview  projections,  they 
have  to  yet  the  material  hack  there  ahead  of  your  presentations. 

There  is  a  blue  sheet  in  your  handout  that  gives  you  the  bus 
schedule.  There  will  be  buses  going  back  tonight  at  6:00  and 
7:45  to  the  Copley  Plaza.  There's  a  bus  coming  here  from  the 
Copley  Plaza  tomorrow  morning  and  going  back  tomorrow  night  to  the 
airport  at  5:00  P.M.  The  schedule  is  in  your  handout. 

Now,  one  other  thing  --  You'll  notice  breaks  and  lunches  on 
the  agenda.  At  all  the  breaks,  if  you  wish  coffee  you  can  go 
right  up  to  the  cafeteria  on  the  second  floor  and  get  it.  The 
lunches  are  timed  pretty  close,  an  hour  to  an  hour  and  15  minutes 
the  cafeteria  can  easily  handle  all  of  us  here  and  if  you  haven't 
had  the  pleasure  of  government  cuisine  in  the  last  couple  of  years 
or  couple  of  weeks  or  couple  of  days  you're  going  to  find  some  of 
the  best  government  cuisine  right  here  on  the  second  floor.  How¬ 
ever,  if  you  want  to  go  outside  and  suffer  in  the  rain  and  the 
snow  and  the  sleet  of  Boston  there  are  restaurants  around  here 
that  you  can  deal  with.  Please  try  and  be  back  on  time. 

There  is  a  social  hour  tonight  from  t>:00  to  ~:45  and  it's 
going  to  be  up  in  the  cafeteria.  Kc  hope  all  of  you  will  attend 
the  social  hour.  There  will  be  a  bus  going  back  downtown  after 
the  social  hour  as  well  as  one  before. 

There  will  be  space  in  the  lobby  here  tomorrow  for  your 
luggage.  If  you  bring  it  back  on  the  bus  and  leave  it  here,  it 
can  be  left  right  in  the  lobby  where  it  will  be  secure.  The 
powder  rooms  are  right  outside  the  door.  One  thing  1  would  like 
to  point  out  is  that  on  the  program  you'll  find  today  that  we 
have  a  session  devoted  to  remarks  from  the  airplane  manufacturers . 
If  there  are  any  of  you  who  represent  airplane  manu f ac t u re rs  that 
are  not  on  that  particular  program,  but  von  have  decided  you'd 
like  to  sav  something,  please  let  Ken  Hodge  know. 
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PR  .  S 1  \  H  \ :  thank  von  ,  lorry,  and  a  yood  morninr  I  o  exerxhoxlx 

I'd  I  i  ko  to  -tart  oil  with  t  ho  first  \  v  i  :  i  a  pit .  It  ha  t  I'm 
roinr,  to  ho  talkinr.  about  toda\  i --  t  ho  analysis  oi  potont  lal 
adv  anoovl  vortox  svstoms  soparatioti  standards.  lo  yivo  \  on  a 
littlo  bit  of  a  baok'iound  ot  tv  ha  t  uo  a  ro  talkinr  about  hoi  v , 
sovoral  stiulios  havo  itulix.ited,  that  t  ho  vortox  systoms  haxo  It' 
proxido  t  ho  ko\  t  o»  roducinr.  soparation  standards. 

IVhat  I  moan  bv  axlvancod  vortox  sx  -toms  ran  bo  oithor  vortox 
alloviation  at  tho  sourro  or  monitorinr  and  prodiotion  t' I  xortices 
b\  tin'  r.  round  hasoxl  svstom.  Tho  objective  t' I  tho  analysis  that 
I'm  r.oiny.  t  o  bo  talkinr.  about  todax  is  t  o  assoss  atul  x|tiant  i  f\  tho 
vlolax  reduction  I'onofits  that  iiiiyht  ho  o.vporionood  tx  i  t  h  rcducoxl 
sopar.it  ion  standards.  fho  analysis  ix  i  1  I  bo  prosontod  in  three 
parts.  1  In'  first  will  ho  a  compn  r  i  son  ot  tho  vortox  advisorx 
system  versus  today’s  st amlards .  b\  vortox  advisory  system  I  moan 
tho  s\  stem  that  lias  boon  developed  In  I  St'  and  is  rurront  b  in 
I'x’sit  ix'ii  at  ihix'ar.x'  t''!laro  a  nil  expeotov!  t  x'  utiilo  rpa'  x'porat  ix'iial 
tests  vorx  soon . 

1'he  next  stop  h'rioallv,  as  ko  see  it,  is  a  .  S  nautical  mile 
minimum  standard  that  takes  us  beyond  tho  V \S  '  naut  it  a  1  -mile 
min  inmms ;  and  final  lx,  it  ko  are  successful  in  all  out  clients  ko 
would  hope  to  roach  J  naut  i  ca  1  tit  i  I  o  minittiums. 
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Background 


u  s  o , 
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analysis,  is  then  nothing  hut  the  difference  between  the  total 
delay  costs  for  the  two  candidate  systems  that  we  are  comparing. 

let  me  take  a  moment  to  talk  about  the  I  IK  separation  stand 
ards  that  we  will  be  using.  let's  concentrate  on  that  number  for 
a  minute.  To  orient  von  to  what  vou  see  on  the  board,  the  No.  0 
represents,  under  todav's  set  of  rules  when  the  lead  aircraft  is 
a  heavy  (3(10,000  pounds  or  morel  and  the  trail  aircraft  is  small 
(less  than  12,500  pounds),  then  the  applicable  standard  is  o 
nautical  miles.  What  we  expect  to  see  under  an  operating  vortex 
advisory  system  is  almost  all  separations  being  3  nautical  miles. 
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IFR  Separation  Standards 


which  gets  us  back  to  where  we  were  a  few  years  ago.  The  stand¬ 
ards  that  you  see  for  advanced  vortex  systems,  2.5  nautical -mi le 
and  2  nautical -mile  minimums  are  compatible  with  all  the  specific 
task  forces  that  are  going  on  right  now.  You  will  notice  under 
the  2.5  nautical-mile  minimum,  for  example,  that  most  of  the 
standards  are  2.5  miles;  however,  to  be  conservative  where  vortices 
might  be  a  greater  hazard  than  others,  we  have  picked  some  stand¬ 
ards  that  are  larger  than  2.5  nautical  miles,  namely  3  and  3.5. 

A  similar  scenario  is  presented  in  the  2  naut ical -mi le  minimum 
standards . 

On  the  right  side  of  the  screen,  we  have  assumed  a  certain 
reduction  in  the  departure/departure  spacings  in  seconds,  which 
are  again  consistent  with  the  task  force  studies.  Now,  one  of  the 
questions  which  I'll  leave  you  with  at  the  end  of  the  analysis  is, 
Are  those  real  numbers?  What  do  we  have  to  do  to  get  to  these 
departure  separations? 

To  briefly  go  over  the  rest  of  this  study  assumption,  we  are 
interested  only  in  the  IFR  average  delay  per  operations,  lie  have 
not  assumed  any  benefits  for  advanced  vortex  systems  under  VFR 
operations.  For  the  sake  of  simplicity  we  have  assumed  a  linear 
interpolation  between  1985  and  1995.  In  the  kinds  of  delays  that 
we  are  talking  about,  this  does  not  present  any  significant  devia¬ 
tion  from  actual  values.  In  terms  of  aircraft  operating  costs, 
there  have  been  a  number  of  discussions  whether  to  include  rentals, 
depreciation,  passenger  costs,  and  so  forth.  Again,  to  be  on  the 
conservative  side,  we  have  assumed  only  the  direct  incremental 
operating  cost  of  the  aircraft,  namely  the  flying  and  maintenance 
costs.  It  does  include  the  flight  crew  as  well  as  the  cabin  crew. 
All  the  values  that  you  see  will  be  expressed  in  1976  dollars,  the 
prime  reason  for  that  being  that  the  latest  aircraft  operating 
data  available  was  for  that  year.  However  if  you  want  to  trans¬ 
late  it  into  any  other  year,  it's  just  a  question  of  simple  multi¬ 
plication  by  the  inflation  factors. 
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\s  1  mentioned  o.i  i'  1  i«.i.  1  will  hi'  add  io<  s  i  no  onl\  in  t  runout 

motooi  oliv  ical  ironU.it  ions  aiul  \\0  ol.iim  no  benefits  tor  \IR  ope :  a 
t ions .  Before  wo  rot  into  t  ho  results,  lot  no  take  u  nor  out  hero 
to  Jiseuss  the  relationship  of  dor  .uni  and  Uolav.  lot's  oonoon 
t  into  on  the  first  curve  which  talks  about  toUav's  ivstcm.  As  you 
can  see,  when  the  demand  j rows  on  the  \  a\i>,  the  average  delay 
in  terns  of  ninutes  per  operation  lias  ,i  very  distinct  knee  in  the 
curve.  l\hat  that  cans  is  that  when  von  cone  close  to  saturation 
there’s  a  von  rapid  increase  in  the  delays  experienced  bv  the 
aircraft.  \ow  1  don't  know  whether  that  number  should  be  1  1  or  1 o 
or  IS,  but  for  example,  suppose  we  assume  that  la  ninutes  per 
operation  is  the  order  of  the  dcl.n  that  is  going  to  he  experiencei 
by  the  projected  demand  under  today's  system.  If  that  number  is 
too  high  then  what  will  actually  happen  is  as  follows  lot's 

for  a  moment  look  at  this  line.  This  represents  some  level  of 
accept  able  delay  that  the  public  is  willing  to  live  with.  lor 
example,  1  minutes  per  operation.  Now  .  I'm  talking  about  even 
aircraft  at  the  top  70  airports.  U hat  we  would  then  expect  to 


happen  undei 

■  t  odav ' s  s cenar i o  , 

as  the  demand 

reaches 

a  point  where 

the  average 

delay  is  1  minutes 

po r  ope  rat  i on , 

,  is  that 

the  growth 

o f  a v i a t  i  on 

will  be  stilled  . 

live  economics 

of  the  s 

i t  uat  i on 

would  not  allow  it  to  grow.  However,  if  we  manage  to  get  to  the 
V  AS  separation  standards,  the  delays  will  drop  and  subsequently 
there  will  be  some  growth  in  aviation  until  wo  come  back  to  an 
acceptable  level  of  delay.  I  his  process  will  then  repeat  it  sell' 
if  we  manage  to  keep  on  increasing  the  capacities  of  the  airports. 

What  we  are  doing  by  comparing  the  delays  at  the  projected 
demand  levels  is  trading  off  this  additional  demand  that  lias  to  be 
turned  away  because  of  the  lack  of  capacity  versus  the  additional 
delav  savings  that  is  some  representation  of  the  value  of  t he 
demand  that  was  turned  awav. 

lo  give  \ou  some  idea  of  the  numbers,  the  value  of  the  delay 
that  we've  associated  with  this  demand  that  is  going  to  be  turned 
away,  represents  about  $S0  per  passenger.  So  we  feel  that  this 
is  not  unrealistic,  in  fact,  it  is  on  the  conservative  side. 
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Application  of  Estimated  AVS  Benefits 
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IFR  Delay  Savings  of  VAS  Standards 
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3  naut  i  c  a  1  miles  is  verv  large.  So  even  it  you  yet  a  50  percent  , 

2  .  5  naut  ic  a  1  -  m  i  l  o  standard,  you  a  re  still  talkin'.’,  ah  out  over  $500 
in  i  1  1  i  v'n  sa\  i  ngs  a  yea r  . 

let  us  look  at  the  M  R  delay  savings  of  \  \S  standards  versus 
today  in  terms  of  a  \  \S  percent  effect  iveness  versus  total  delay, 
which  is  nothing  hut  the  integration  of  the  previous  curve  that 
rmi  saw  over  the  timeframe,  discounted  at  10  percent.  fhe  total 
delay  then  for  the  11-year  period  at  100  percent  VAS  e f fee t  i  veness 
is  of  the  order  of  $5  billion  for  the  top  -’0  airports.  \yain, 
that  not  being  a  realistic  number,  il  you  look  at  the  10  percent 
VAS  (in  which  we  operate  the  5  nautical  miles  standard  10  percent 
of  the  time  and  today's  standard  00  percent  of  the  time),  t he 
sa\  inys  are  still  verv ,  verv  large;  more  than  $1  billion  over  the 

10  rear  peri  oil. 

This  is  a  similar  graph  for  2.5  nautical  miles  standards 
versus  the  \  AS  base  line  comparisons.  To  reiterate,  the  V  AS  base 
line  is  III  percent  VAS  standards  and  b0  percent  todav's.  Now, 
here  vou  see  the  numbers  are  gett ing  astronomical.  \t  100  percent 
effectiveness  for  20  airports  vou  are  talking  about  $0  billion  in 

11  rears.  ('.ranted,  this  includes  the  costs  of  the  passengers  that 
we  do  accommodate  under  2.5  nautical  miles,  but  we  do  now  under 
todav's  VAS  standards.  So  there  are  some  economic  factors  in¬ 
volved  in  this.  However,  even  if  vou  claim  that  the  full  projected 
demand  is  not  going  to  be  met ,  the  numbers  are  still  going  to  be 
very  large.  I f  vou  look  at  the  real  ist  ic  l  iyure  ot  bO  percent 
operations  under  the  2.5  naut  i  cal  -  m  i  le  scenario  for  the  top  2  It 
airports,  vou' re  reallv  talking  about  $4  billion  worth  ol  either 
passenger  delavs  or  allowing  passengers  to  lie  who  would  not  under 
normal  scenarios. 

The  other  thing  that  1  would  like  to  point  out  on  this  curve 
is  the  difference  between  the  top  21'  and  the  top  15  airports, 
that  is  a  representat ion  of  the  degree  ot  saturat ion  at  the  various 
airports  under  the  projected  demands.  It  also  gives  us  a  clue  that 
we  are  not  reallv  talking  about  2.5  nautical  miles  and  2  nautical 
miles  on  the  s vs  tern  -wide  basis.  It  has  to  be  geared  toward  a 
spec i f ic  a i rport . 
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The  final  part  of  the  analysis  deals  with  the  comparison  of 
2  nautical  miles  versus  2.5  nautical  miles  in  a  similar  scenario. 
Here,  what  we  are  talking  about  is  for  a  given  percentage  effec¬ 
tiveness  of  advanced  vortex  systems,  if  we  could  go  down  to  2 
nautical  miles  instead  of  2.5  nautical  miles,  what  would  the  delay 
savings  look  like  at  the  top  20  airports?  \n  absolute  maximum 
potential,  which  we  know  we  cannot  attain  is  of  the  order  of  $•) 
billion,  and  to  take  it  back  to  the  same  comparison  of  00  percent 
advanced  vortex  system  operations,  we  are  talking  about  52.25 
billion  to  $2.5  billion  at  the  top  20  airports  for  11  years. 

These  are  all  incremental  benefits  and  they  add  tip  to  a  lot 
of  dollars.  How  does  one  go  about  using  this  analysis?  Is  it  am¬ 
use  to  talk  about  these  kinds  of  numbers?  We  have  tried  to  apply 
it  to  a  case  of  estimating  what  kind  of  I'tiT  money  can  we  spend 
either  for  ground  systems  or  for  vortex  alleviation  system,  and 
still  come  out  even  over  the  analysis  period.  He  have  assumed  that 
we  have  to  recover  the  cost  by  1995  and  that  all  the  1  til  occurs  in 
1985,  which  though  not  realistic  is  a  conservative  way  of  approach 
ing  the  analysis.  Since  we  don't  know  what  the  systems  are  going 
to  look  like  or  what  its  operating  and  maintenance  cost  will  be  we 
have  assumed  It'  percent  of  rf,T  as  the  annual  Of,?!  costs.  And  again, 
in  the  numbers  that  you  are  about  to  see,  we  have  not  included  any 
Rf,l'  costs  because  we  don't  know  its  order  of  magnitude  right  now. 

He  have  continued  with  the  10  percent  discount  rate  that  was  used 
in  the  previous  part  of  the  analysis.  The  output  of  this  sort  of 
an  approach  then  gives  you  a  first-order  estimate  of  equipment  I  til 
such  that  you  break  even  over  the  analysis  period. 

To  give  you  a  specific  example  for  (>0  percent  effectiveness 
of  2.5  nautical  miles  VAS,  for  the  top  2 0  airports:  If  you  go 
through  the  mechanics  that  were  outlined  in  the  previous  chart, 
you'll  end  up  with  $2.5  billion  available  for  !■'$,!  costs  of  reduced 
spacing  equipment.  And  the  reason  why  1  stress  the  words  reduced 
spacing  equipment  is  that  advanced  vortex  systems  may  not  be  the 
only  thing  that  allows  you  to  go  down  to  2.5  nautical  miles. 
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\pain,  not  knotting  t  ho  future,  wo  have  assumed  half  of  t  ho  1  til 
costs  for  non- adv .iihoJ  vortex  systems  equipment  like  metering  aiul 
spacing  and  other  automation  aids,  or  whatever  else  mipht  be  neces 
surv  to  pet  down  to  the  reduced  standards.  V. hat  that  implies  then 
is  about  >1  .  J  billion  available  tor  advaivced  vortex  svstems.  He 
have  presented  two  examples  here.  lor  the  e. round  based  sv stems, 
let's  assume  that  we  need  one  US  unit  tor  each  11 S  runwav  at  the 
top  JO  airports.  1'his  requires  approx ima t e lv  SO  units  for  the  top 
JO  airports,  which  implies  that  we  can  spend  up  to  S 1 4  1  J  million 


\  O  V 

each 

\\  S  tin  i  t 

and 

still  come  ou t  o' 

i  on  ovor 

t  ho 

1  1  \  o.i  r 

pe  r  i  ed  . 

Now  . 

adm  i  t  to 

dlv  . 

when  vou  include 

R  it  P  cost 

s  i 

n  t  he  re  , 

t  he 

U .  5 

mill 

ion  woul 

d  be 

reduced.  lloweve 

v  ,  t  ho  mo 

s  s  a 

pe  that  1 

want  to 

K\i\ 

e  vou 

with  is 

not 

t  he  mr  be i  14.5, 

hut  that 

i  t 

is  a  lar 

0  O 

number  and  there  should  be  a  concentrated  effort  to  pet  to  an 
advanced  vortex  system.  It'  you  applv  similar  lopic  to  the  airborne 
vortex  alleviation  svstems  while  keeptnp  the  top  part  of  the  exam¬ 
ple  constant  and  assuming  that  we  still  spend  halt'  of  the  monev 
for  non- US  equipment,  and  hate  >  1  .  J  billion  for  vertex  allevia¬ 
tion  s\ stems,  and  if  vou  look  at  the  projections  of  the  fleet, 
teven  though  we  know  that  not  necessan  h  all  jet  aircraft  would 
need  vertex  alleviation  svstems),  and  we  conservatively  assume 
that  .',(>00  jet  aircraft  need  US;  what  that  tells  us  then  is  vou 
pet  >0.4  million  If,  1  available  per  aircraft. 

It'  we  do  not  need  am  non  US  equipment  under  the  vortex 
alleviation  svstem,  that  >0.4  million  per  aircraft  immediately 
becomes  >  0 .  S  million  per  aircraft.  \nd  apain,  1  would  like  to 
stress  not  the  14  1 /J  or  the  0 . S ,  but  that  the'  are  la  rye  numbers. 

Vo  summari.e  what  we  have  seen  here  todav,  expected  delav 
savinps  for  1085  t o  1005  at  the  top  JO  airports,  under  full  pro 
iected  demands,  is  >l.J5  billion  for  V  AS  versus  todav  and  an 
additional  4  billion  at  nO  percent  effectiveness  of  J.8  nautical 
miles  advanced  vortex  svstem,  and  somewhat  less  moderate  > J . 5 
million  if  we  can  rnanape  to  pet  down  to  J  nautical  miles  versus 
t  he  J . 5  naut  i ca 1  miles. 
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Summary 
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I'h  i  s  on  h  addresses  one  small  aspect  of  the  question  and  shows 
that  there  is  a  large  potential.  There  is  large  benefit  to  be 
earned  out  there  bv  reducing  our  separation  standards.  There  are 
a  number  of  other  questions  that  certainly  need  to  be  answered 
before  we  can  even  hope  to  take  any  significant  steps  towards 
achieving  that  benefit.  1 rom  the  economic  side,  we  have  talked 
about  the  benefits  of  these  systems.  he  have  not  talked  about  the 
costs.  Is  half  a  million  dollars  per  aircraft  a  reasonable  number? 
Is  SI  I  million  per  ground  system  a  reasonable  number  or  is  it 
going  to  be  much  higher  or  much  lower  than  that? 

Use  in  this  analvsis  we  have  not  addressed  the  cost  effec¬ 
tive  installation  criteria  for  each  system.  he  have  assumed  that 
it  will  be  installed  at  all  places  --  at  all  20  airports  and  on  all 
i e  t  f 1 eet  a i rc r a f  t  . 

On  the  technical  side,  what  is  the  upper  practical  limit  of 
advanced  vortex  system  e f f ec t  i  veness ?  If  it  can  only  hope  to  go 
to  ?  .  5  or  ?  nautical  miles  10  percent  of  the  time  then  the  picture 
changes  as  opposed  to  the  bO  percent  that  is  used  in  the  example 
here.  lor  the  ground  based  system,  can  we  use  the  same  system  for 
arrivals  and  departures  or  do  we  need  a  completely  different 
system  for  tracking  departure  vortices?  What  are  the  kinds  of 
coverage  that  we  would  need  in  terms  of  lateral  and  longitudinal 
coverage  on  the  approach  path?  \nd  by  that  1  mean  should  the 
coverage  of  the  advanced  vortex  systems  on  the  ground  extend  to 
the  outer  marker,  middle  marker,  beyond  the  outer  marker,  J.000 
feet  on  the  side  to  cover  traffic  merges  and  so  on?  he  don't  have 
answers  to  those  yet. 

from  the  operational  side,  even  if  the  advanced  vortex  system 
does  tell  the  controller  that,  yes  you  can  go  to  d.S  or  ?  nautical 
miles,  what  are  the  operational  requirements  in  terms  of  procedures? 
How  long  a  lead  time  does  the  controller  need  to  effectively  tran¬ 
sition  from  the  terminal  area  standards  to  2.5  and  2  nautical 
miles  standards?  Hr  the  same  token,  all  of  a  sudden  the  advanced 
vortex  system  tells  him,  go  back  to  5  or  5  nautical  mile  standards; 


•  a 
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how  long  does  it  t.ike?  Does  it  mean  five  missed  approaches  that 
have  to  he  executed  simultaneously  or  is  a  l  ('  minute  warning  time 
enough? 

The  net  message  that  1  want  to  leave  vou  with  is  although  the 
benefits  as  indicated  by  the  analysis  are  substantial,  there  are  ; 
lot  of  hard  questions  that  need  to  he  answered  and  that  is  the 
purpose  of  this  workshop.  1  hope  we  can  come  out  with  some  vor> 
positive  steps  in  that  direction  by  the  end  of  t-h  i  s  workshop. 

Thank  vou  very  much. 

MR.  CIIAYKIN:  Kell,  I  guess  the  first  question  vou  could  ask 
is,  Chavkin,  have  you  lost  your  marbles  completely?  $~  billion, 

$5  billion,  $4  billion  of  delay  savings.  And  we're  talking  about 
R5D  programs  in  the  millions.  Why  aren't  we  charging  ahead?  Kell, 
I  don't  think  I've  lost  my  marbles  but  1  think  I'd  like  to  put 
this  in  a  little  different  perspective  for  you.  In  the  first 
place,  you  have  to  understand  that  5  of  these  20  airports  are 
reaching  the  knee  of  that  curve  today,  dust  ask  the  airlines  if 
the  system  is  becoming  saturated.  The  alternatives  to  meet  that 
saturation  problem  are  not  numbered  in  the  10 's  of  100's.  There 
are  a  few  alternatives,  that  reduce  longitudinal  spacing,  and 
start  bringing  you  back  off  the  knee  of  that  curve.  And  further¬ 
more,  I  can  be  90  percent  off  my  marbles,  not  100  percent  ,  but  90 
percent,  and  we're  still  talking  about  delay  savings  based  on  1 AA 
and  industry  forecasts  of  traffic  between  1985  and  1995  of  5400 
million  or  500  million.  So  we're  talking  about  very  big  numbers 
in  delay  savin g s  . 

Now,  I  mentioned  the  delay  task  forces  and  want  to  point  out 
two  of  them  that  are  complete  now.  One  in  Chicago  and  one  in 
Denver.  These  two  task  forces  came  up  with  numbers  that  are  not 
suprisingly  different  than  some  of  the  numbers  vou  see  here. 

The  Chicago  task  force  said  that  if  you  could  bring  the  Chicago 
s vs  tern  from  5  to  between  2.5  and  2  miles  in  1980,  between  $25  and 
$50  million  per  year  could  be  saved  at  that  one  airport.  The 
delay  task  force  at  Denver  which  we  iust  completed  said  that  in 
the  vear  1990  we  could  save  anywhere  from  --  1  think  Denver  was 
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vour  workshops  . 

\ow  ,  wo  have  II  inv  watoli  is  riplit  I'ivo  mi  nut  os  to  t  ho 

hroak  and  hoth  I'r.  Sinha  and  I  would  ho  p  lad  to  answor  am  quos 
t  ions  that  anvono  in  t  ho  audionoo  mi  p, lit  have. 

h"',  sir. 

MR.  AARUOOM:  My  namo  is  him  Aat'doom,  Air  Tral'l  io  Sort  ioo. 

No t  ho i  lands. 

I  havo  a  quost  ion  whioh  I  was  p.oinp,  to  ask  anyway,  one  ol 
t  ho  so  two  davs,  that  may  bo  is  suitablo  now.  01'  oourso,  whon 
ion'll'  takitip,  about  invostmonts  lor  rodnoinp  soparat  ion  ho  I  ow  A 
nautiiul  milos,  it's  at  loast  mv  administration's  opinion  that  vou 
nood  a  littlo  hit  moro  and  von'ro  t  h  ink  in  o.  about  improved  radar 
svstoms.  You '  ro  ovon  thinkinp  about  automat  ic  mot  or  inp.  and  spai' 
inp.  svstoms.  My  quost  ion  i  s ,  what  is  t  ho  I  AA  view  on  this?  Is  it 

prerequisite  lot  p.oinp,  below  A  nautii'al  miles?  Thank  you. 

MR.  t'llWkIN:  That  's  a  vorv  p.ood  quost  ion,  and  as  a  matter  ol 
fart  ,  that  's  one  ol  the  hard  quost  ions  that  wo '  ro  look  inp.  at  as 
Neal  Make  mentioned  in  the  Now  Initiatives  ellort.  And  althonp.h 
Ap.am  men t  ionoil  it  ,  lot  mo  roomphns  i re  the  answor  to  that  quost  ion. 
Wo  are  not  s.nvinp,  that  wo  ran  take  our  National  Aviation  System 
to  .’ . !.  or  .!  nautioal  milos  separation  standards  b\  simply  sol  v  inp. 
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i  ,  i  an  wo  tako  tlio  ■■'.torn  ami  opo  rat  o  it  I  I  U  ha  i  o  a  I  I '  a  ••  wo 
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ihiikon  ami  or.  it  thinv.  Ho  all  an.roo  wo  i  an  throw  up  our  hands 
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airlines;  and  ! 'd  like  to  give  you  an  example.  Yesterday  I  came 
in  from  Chicago  and  there  was  a  five-hour  delay  and  everybody 
stayed  on  the  plane.  Now,  you  have  a  15-minute  delay  there  and 
you  assume  that  if  people  are  going  to  have  to  wait  more  than  IS 
minutes  they  won't  fly.  That's  not  the  case  if  the  people  are 
going  long  distance.  On  the  other  hand,  1  had  to  land  in  New  York 
and  they  cancelled  all  the  flights  so  I  took  a  train.  And  there 
was  a  case  where  on  a  short  distance  the  delay  function  is  also  a 
function  of  your  route,  and  the  point  I'd  like  to  make  is  that  the 
delay  is  based  on  your  demand  curve  and  the  demand  curve  is  a  very 
difficult  quantity  to  tie  down.  As  a  matter  of  fact,  I  haven't 
seen  it  tied  down  for  aircraft.  I  haven't  even  seen  it  tied  down 
for  things  like  Ivory  soap.  For  the  airliner  the  need  is  the 
elasticity  of  demand  with  price  or  the  elasticity  of  demand  with 
waiting  time.  I'd  like  to  say  that  unless  you  can  tie  the  demand 
function  down,  explicitly,  the  whole  analysis  that  you're  coming 
up  with  is  somewhat  impressionable  on  the  airline  industry.  As  a 
matter  of  fact,  if  you  can  in  fact  save  a  billion  dollars  and  show 
that  you  could  get  a  discount  rate  of  12  percent,  people  in  the 
airlines  would  be  investing  it.  So  I'd  like  to  say  again  you  need 
to  get  that  demand  curve  if  you're  going  to  make  projections  of 
the  future  of  the  cost  benefits. 

MR.  C1IAVKIN:  Thank  you.  I  think  one  point  I  would  like  to 
make  is  we  wait  anxiously  for  the  airlines  to  comment  on  this. 

Vie  have  representatives  of  the  airlines  and  ATA  here,  and  the  air¬ 
lines  know  delays  cost  them  money.  It's  no  secret.  And  the 
President  of  ATA  recently  said  frankly  it  was  $400  or$500  million 
a  year  that  delays  are  costing  the  airlines.  The  question  of  who 
does  what  to  whom  is  a  separate  question  from  the  fact  that  it 
does  cost  money.  But  there's  one  other  point  I  would  like  to  make. 
H'hen  we  talk  about  a  15-minute  average  delay,  peak  hour  delays  in 
the  system  are  over  an  hour  or  hour  and  a  quarter.  That  is  the 
average  for  the  entire  fleet  into  that  particular  airport.  That 
is  how  you  do  a  delay  analysis.  But  that  doesn't  mean  that  every¬ 
body  is  level  at  15  minutes.  The  delays  go  up  and  your  peak  hour 
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iU' lavs  average  an  hour  to  an  hour  aiul  20  mi  nut  os. 
wan t  s  t  o  add  to  that. 


Mavlu'  \raui 


I'R.  SI  Ml  1 A :  In  addition  to  what  .lorry  said,  a  15  minute 
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arc  still  operating  ahovo  t  ho  hnoo  oi  t  ho  ourvo  undor  today's 
standards.  So  vou'ro  st  ill  going  to  ho  facing  a  problom  horo. 

Yos ,  t ho  magnitude  ol  the  do  I  av  sat  ings  would  docroaso ,  hut  it 
will  not  go  away.  \nd  all  those  will  ho  documented  in  out  forth 
coming  reports  to  the  I  \,\. 

MR.  ill\\Kl\:  ho  loro  I  turn  over  the  podium  to  no  dist  in 
gu i shod  NASA  eol league ,  some  quest  ions  were  raised  that  I  want  to 
trv  and  answer  for  everyone  since  we  did  not  yet  in  a  lot  of 
dot  a  i  1  on  t  hose  i ssuos . 

When  vou  take  an  economic  studv  that  ’s  heen  run  over  a  tear 
to  a  year  and  a  quarter,  and  you've  looked  at  all  varieties  and 
sines  of  things,  and  then  vou  put  it  before  an  audience  on  a  hunch 
of  \  icw  graphs  in  At'  minutes,  some  points  that  you're  t  r\  ing  to 
make  don’t  come  out  the  wav  you  want  them  to.  So  1  want  to  t rv  a 
couple  of  things.  first,  vou  hate  to  understand  that  when  we  do 
an  economic  analysis  for  some  JO  huh  airports,  the  1  \\  bv  our  own 
policies  do  not  restrict  the  demand,  l.e  therefore  calculate  the 
total  value  of  the  delay.  In  other  words  we  iust  let  it  go  as 
high  as  it  could.  That's  what  we  do  in  our  task  forces,  also. 

You  then  see  that  a  15  minute  delay  average  as  an  example,  could 
result  in  an  hour,  or  hour  and  a  quarter  peak  delays,  ho  let  it 
The  economic  numbers  vou  saw  where  the  do  lavs  that  resulted 
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go . 


t  rom  unconst ra i nod 

demand 

delays  at 

?0  hub  a i rport s  us 

ing  fore 

casts  for  the  year 

1005 . 

Now,  what 

did  we  mean  by  the 

value  of 

passenger,  the  $50. 

You 

know,  what 

we  said  is  let's  a 

s sumo  for 

minute  that  in  the  real  world  we  will  not  let  demand  go  like 
that.  If  the  airports  are  constrained,  we  will  limit  the  demand. 

Okay.  If  you  limit  t he  demand  there  is  an  economic  value  to  the 

air  transportation  system.  The  $50  was  not  an  input,  it  was  an 
output.  The  calculated  value  of  limit  ini;  the  demand  to  approx i 
mately  a  4-minute  delay  level,  comes  out  as  the  economic  value  of 
limiting  the  demand  which  was  about  $50  a  passenger.  That  's  all 
that  is  meant.  And  we're  not  saying  it's  right  or  wrong.  It's  a 
reasonable  number.  It's  at  least  what  the  economists  (I'm  not  an 
economist)  tell  us  is  reasonable.  So  I  hope  that  clears  up  the 
first  point.  It  wasn't  an  input,  it  was  an  output.  Ke  let  the 
demand  go.  He  calculated  the  dollars  of  delay  based  on  what 
happened  to  it.  Hut  then  if  we  suppressed  the  demand  t o  the  so 
called  magic  number  of  1  minutes,  and  we  don't  know  if  it  's  1  or  5 
or  5,  it's  worth  about  $50  a  passenger.  If  they  divert  to  another 
mode  and  they  still  travel,  it  is  still  worth  something  to  the 
air  transportation  system  as  a  system  that  did  not  meet  this 
demand . 

Secondly,  1  want  to  make  it  clear  that  why  we  have  100  percent 
effectiveness  shown  on  those  charts  is  that's  the  potential  for 
alleviation.  A  ground  system  we  know  can  never  get  to  100  percent 
effectiveness.  Hut  ,  if  an  aircraft  w  i  t h  an  alleviation  de\  ice  has 
an  airplane  following  it,  no  matter  theorct  i  c  a  1  1  v  what  the  weather 
is,  it  has  the  potential  for  100  percent  effectiveness.  So  it 
wasn't  meant  to  point  that  the  ground  system  was  the  answer  at  10 
or  Oil  percent,  but  rather  the  ultimate  potential  was  a  100  percent. 
Okay? 

Now,  the  third  point,  and  this  is  a  very  difficult  point. 

The  delay  costs  are  accrued  to  the  operators,  the  airlines  or  OA, 
whoever  is  using  that  airport.  The  delay  costs  accrue  to  them  and 
then  to  their  passengers.  In  fixing  the  system,  if  it's  a  ground 
system,  the  costs  are  government  costs.  It'  it's  an  alleviation 
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s' stem  it  could  he  some  comb  in 
turers,  or  for  that  matter  if 
No" .  historically,  obviously, 
ol  cost  are  not  a  cost  savings 
savings,  if  it  exists,  to  the 
t  li  i  n  h  that  may  answer  some  of 
'on  have  other  questions  \gam 
aiul  we '  1  1  he  around  for  t  he  wo 


,lt‘on  °*  the  airlines  and  manufac 
there's  research,  the  government, 
those  100's  of  mill  ions  of  do]  lar 
to  the  government.  it  is  a  cost 
aii  line  and  its  passengers.  I'kav 
the  points  that  were  brought  up. 
:nu*  1  '''ll  he  glad  to  answer  them 
rkshop  tomorrow. 


MR.  STICKI.I  :  Thank  you,  Jerry 

You  know ,  it  just  dawned  on  me  why  we  went  through  all  this 
adverse  weather  to  get  up  here  for  our  meeting.  It  was  easy  to 
precondition  us  so  that  we  could  talk  about  these  air  traffic  delay 
studies  without  our  own  preconceived  biases. 

IVhat  I  want  to  do  is  just  outline  what  we  in  NASA  have  been 
doing  in  the  wake  vortex  minimization  program.  In  doing  this  1 
really  have  two  objectives.  The  first  is  that  in  this  session  1 
would  like  to  disseminate  what  we  think  to  be  the  NASA  view  of  the 
state  of  the  art  in  wake  vortex  minimization.  We  will  be  describ¬ 
ing  the  on-going  program  plans  and  we  will  be  identifying  what  we 
think  is  additional  effort  required  if  one  was  to  consider  imple¬ 
menting  wake  vortex  alleviation  at  the  source.  The  second  in¬ 
volves  tomorrow's  workshop  session,  which  will  follow  statements 
made  by  industry,  ALFA,  and  other  user  organizations.  In  the  work¬ 
shop  we  hope  to  be  able  to  provide  a  more  integrated  state  of  art 
assessment  and  recommend  technology  requirements  for  vortex  minimi¬ 
zation  and  implementation. 

In  today's  session,  I  will  be  giving  an  overview  of  the 
program  including  some  of  the  background  supporting  the  minimiza¬ 
tion  effort  and  then  Farl  bun ham  from  Langley  will  discuss  the 
technical  programs  and  results.  I'd  like  to  emphasize  here  that 
the  results  that  F.arl  will  be  talking  about  are  the  culmination 
of  a  lot  of  effort  that  has  gone  on  from  other  centers,  both  Ames 
and  at  Flight.  It  also  involved  several  contractors  including  the 
major  airplane  companies,  consultants,  and  universities  and  many  of 
the  people  right  here  in  the  audience.  So  without  trying  to  go 
through  all  the  recognition  for  those  involved,  I  will  simply 
refer  you  back  to  the  wake  vortex  symposium  held  in  Washington  in 
February  of  1976.  The  contributors  are  listed  in  the  proceedings. 


Following  Farl's  talk,  Joe  Tymczysyzn,  will  give  pilot  com¬ 
ments  of  what  it's  like  flying  in  an  alleviated  versus  an  un¬ 
alleviated  vortex.  I  think  those  comments  will  be  particularly 
pertinent  to  the  talks  and  provide  some  credence  to  what  we've 
been  doing  in  the  minimization  work.  I've  just  been  told  that 


Russ  Barber  is  going  to  have  a  film  that  will  introduce  Joe's  talk 
so  he  will  be  the  first  speaker.  Russ  Barber  is  from  our  Flight 
Research  Center  and  lie's  been  the  vortex  program  manager  out  at 
that  center  for  the  last  seven  or  eight  years. 

A1  Gessow  from  NASA  Headquarters  will  wind  up  this  session 
with  a  discussion  of  what  our  plans  are  today  and  what  he  sees  as 
requirements  for  future  implementation. 

The  point  that  1  want  to  begin  with  is  that  for  about  20 
years,  from  1950  to  1971,  NASA  has  been  involved  in  what  we  call 
basic  vortex  research.  The  objective  was  to  try  to  understand  how 
vortices  were  formed,  how  they  moved  in  the  real  atmosphere,  and 
how  to  visualize  what  the  vortex  structure  was.  The  analytical 
tools  that  we  had  in  the  early  days  were  largely  empirical  data 
fitted  to  the  vortex  roll  up,  its  path  through  the  atmosphere,  its 
persistance  in  and  out  of  ground  effect.  Those  analytical  tools 
were  often  applied  but  did  very  little  to  load  the  researcher  to¬ 
ward  altering  the  vortex  structure.  Some  of  the  auxiliary  efforts 
that  were  ongoing  in  the  early  1970's  involved  development  of 
vortex  marking  systems  to  support  the  Flight  Research  Activities. 
The  systems  most  often  used  were  either  corvis  oil  systems  or 
chalk  dust.  The  last  couple  of  years  we  have  been  working  with 
the  Jet  Propulsion  Laboratory  on  a  concept  of  using  an  ethylene 
glycol  solution  added  at  the  jet  exhaust  to  illuminate  the  vortex 
much  like  it  was  in  the  days  when  we  had  smoke  in  the  engines. 

You  could  see  pretty  well  the  vortex  path  of  the  old  smokey  air¬ 
craft.  JPL  was  persuing  this  approach  on  the  basis  that  if  a 
solution  to  alleviating  the  vortex  could  not  be  found  then  maybe 
there  was  a  way  to  illuminate  the  vortex  in  an  operational  environ¬ 
ment  that  would  be  environmentally  acceptable. 

About  1972  the  joint  NASA/FAA  program  was  initiated  and  that 
was  where  we  really  started  putting  the  emphasis  on  minimization 
research.  At  that  time  there  were  a  number  of  concepts  that  had 
been  proposed  to  NASA  and  to  the  FAA  which  offered  promise  of 
being  able  to  minimize  the  vortex  or  alter  the  vortex  structure. 
Some  of  these  were  supported  by  very  limited  wind  tunnel  tests. 
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Some  by  simple  analysis  and  some  were  just  way-out  ideas.  Our 
first  task  was  to  set  up  an  evaluation  program  in  which  we  could 
systematically  run  through  the  ideas.  Four  evaluation  facilities 
were  used,  three  of  which  you'll  see  in  a  short  movie  that  follows. 
The  fourth  facility  was  the  Ames  40  by  80  foot  wind  tunnel  which 
is  shown  in  this  slide.  In  order  to  compare  results,  all  four  of 
the  facilities  used  a  standard  model  and  test  technique.  Generat¬ 
ing  the  vortices  was  a  3  percent  scale  747  model  (about  a  six  foot 
span).  We  actually  create  the  vortex  in  the  tunnel,  let  it  proceed 
downstream,  and  impact  a  small  scale  model  of  a  wing  representing 
a  following  aircraft.  The  following  model  uses  a  roll  balance  to 
measure  the  rolling  moment  upset. 

Before  we  see  the  movie,  there  are  turo  more  points  I'd  like  to 
bring  out.  The  first  involves  the  effect  of  a  vortex  on  helicop¬ 
ters.  About  3  years  ago  NASA  researchers  flew  an  UH1H  helicopter 
into  the  wake  of  a  C-54  airplane.  As  far  as  I  know,  this  is  the 
only  test  of  vortex  encounters  of  a  helicopter  in  an  airplane  wake. 
In  this  test  the  U1I1H  had  no  difficulty  in  operating  at  very  close 
separation  distances  (less  than  one-third  of  a  mile)  behind  the 
C-54.  This  was  a  very  limited  test  and  does  not  resolve  the  over¬ 
all  question  of  the  hazards  of  operating  helicopters  in  close 
proximity  to  larger  airplanes. 

The  second  point  to  bring  out  here  is  that  all  of  our  tests  to 
date  in  flying  behind  airplanes  with  alleviated  vortices  have  been 
done  at  an  altitude  of  roughly  5,000  to  12,000  feet  above  the 
ground.  The  big  test  of  vortex  minimization  comes  into  place  when 
you're  landing  behind  an  aircraft,  in  which  case  you  have  to  con¬ 
sider  the  effects  that  ground  proximity  has  on  the  alleviation. 

The  emphasis  of  the  program  this  year  will  be  to  develop  the  con¬ 
fidence  to  land  the  following  airplane  behind  the  generating  air¬ 
craft  at  a  reduced  separation  distance. 

Now,  can  we  have  the  movie,  please?  What  you  will  be  seeing 
in  the  movie  are  some  shots  of  three  of  the  facilities  that  were 
used  in  the  program  and  some  of  the  flight  tests.  This  sequence 


2-6 


shows  tho  V/KTOI  t  vinno  1  .  The  vort  ioos  ;iro  i  1  1  nm  i  tin  I  od  |>v  smoko 
and  voii  can  soi'  tho  cha  rac  t  o  r  i  s  t  i  i  moaiulor  that  you  t  i  iul  in  tho 
nal  ura  I  oin  i  roiimon t  . 

This  next  sequence  i  s  o  I  ono  ot  tho  following  models.  And 
during  tin’  ovaluat  ion  program  uo  n soil  two  sires  of  following 
moilols,  ono  which  would  represent  a  leariet  sir.o  aircraft  and  tho 
otlior  a  IH'  '•  sire  aim  rail.  This  view  shows  tho  "I"  modol.  tho 
following  modol  is  mount  od  on  a  romoto  controlled  snrvo'  r  i  g .  This 
shows  tho  vortox  (low  facilitv  at  I  anr.l  o\  .  This  facilitv  was 
developed  spooifioallv  for  tho  vortox  m  i  n  i  in  i r  a  t  i  on  program.  Uo 
nso  tho  sumo  technique  ot  a  general  i  ng  and  following  modol  oxoopt 
that  in  this  oaso  tho  air  is  standing  s t  ill  and  tho  modol s  aro 
moving.  flu'  tost  traok  in  tho  vortox  flow  facilitv  is  1800  It  long 
and  tho  modol s  roach  a  spood  of  about  100  lt/soo.  Tho  following 
modol  is  sopa ratod  at  a  distance  equivalent  to  ono  mile  in  lull 
sea  I o. 

This  next  sequence  shows  tho  water  tank  at  lly d rouaut  i c s , 
Incorporated  in  lourol,  Man  land.  Again  t  lu’  following  modol  moving 
as  in  tin'  vortox  Mow  fneilitv  except  that  tho  two  carriages  in  thi 
case  aro  independent  so  that  wo  can  look  at  various  sopa rat  ion 
distances  von  easily.  In  this  case  tho  following  model  can  go 
hack  to  about  .’ .  h  miles  (scale  distance)  before  tho  vortox  system 
has  descended  into  ground  effect. 
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At  l'ryden  l;  light  Research  Center,  NASA,  the  I  AA ,  and  the  Air 
l-orce  have  tested  all  the  jumbo  jets,  (the  C-5's,  "-l-'s,  DC  Ill's, 
and  1011  'si.  This  shows  the  smoke  system  used  on  the  "  1  ~ .  l’enetra 
t  ions  were  made  with  a  l.earjet  and  a  T  37.  This  sequence  shows 
three  smoke  generators  on  each  wing  illuminating  the  vortex 
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I  would  like  now  to  turn  the  podium  over  to  lari  Punham  who 
is  going  to  give  you  the  results  oT  the  program.  lari  is  from 
l.angley.  He  works  in  our  Safety  and  Operating  Problems  branch  and 
has  been  working  in  the  vortex  area  for  about  seven  or  eight  years. 

MR.  DUNHAM:  Well,  as  Joe  stated  the  basic  purpose  of  nix-  pro 
scntat  ion  is  to  describe  to  you  the  technology  of  wake  vortex 
minimization  or  what  we  know  can  he  done  to  achieve  a  reduct  ion 
in  the  rolling  upset  behind  the  aircraft. 

Let  me  start  with  the  first  slide.  Basically  we  can  minimize 
the  vortex  wake  by  enhancing  its  natural  decay  process.  There  are 
two  principles  for  doing  that.  One  is  by  controlling  the  distri 
but  ion  of  vorticity  along  the  wing,  thereby  controlling  the  lift 
distribution  or  the  span  load  altering  the  span  load  of  an 
aircraft.  Besides  controlling  the  distribution  of  vorticity, 
another  means  is  controlling  the  distribution  of  drag  within  the 
wake.  You  must  recognize  it  is  sonu'what  difficult  to  separate 
these  two.  Any  alteration  in  the  spin  load  is  probably  going  to 
change  the  drag  distribution  as  well  as  the  lift  distribution. 


l.o t  mo  describe  how  1  laid  out  my  talk,  because  1  cover 
sovora I  areas  of  research  from  various  centers  with  lots  of  dif¬ 
ferent  people  involved.  let  me  talk  first  about  the  turbulence 
production,  a  little  bit  more  about  the  spline  device  that  Joe 
showed  in  the  movie.  The  spline  device  is  one  which  basically 
changes  the  drag  distribution  behind  the  aircraft.  It  places  a 
large  slug  of  turbulence  in  a  region  which  is  effective  in  minimi: 
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strengths  and  the  manner  in  which  they  interact  downstream. 

As  I  said,  it's  difficult  to  separate  drag  distribution  from 
span  load  alteration  so  you  have  two  concepts  that  1  would  li  to 
describe  to  you  which  really  combine  the  effects  of  changing 
lift  distribution  and  changing  the  drag  distribution;  one  ol  i  Ik-m 
being  a  concept  developed  by  Vernon  Rossow  at  the  Ames  Research 
Center,  which  we  call  a  vortex  fin,  and  the  other  one  is  the  u 
of  the  spoilers  on  the  aircraft  and  that  work  was  done  by  Pel 
broom.  Those  first  three  subjects  cover  the  experimental  program 
and  then  the  final  phase  of  my  talk  covers  some  of  t he  analyt  ical 
work  that  we  have  done. 

Now,  looking  again  at  the  spline  device,  as  you  saw  in  the 
film,  it  was  effective  in  minimizing  the  vortex  wake.  The  PA- J 8 
could  approach  as  close  as  a  quarter  of  a  mile  behind  the  f-51 
aircraft  in  a  controlled  state.  Without  the  device  it  was  limited 
to  something  like  2  or  3  mites  before  he  ran  out  of  the  roll  con 
t ro I  capability  of  the  PA-28.  Some  work  has  been  done  on  implement 
ing  such  a  thing  on  a  "47  model.  As  Joe  pointed  out  the  drag 
penalties  are  enormous.  In  addition,  there  would  be  a  major  hard¬ 
ware  modification  required  to  implement  such  a  concept. 

Now,  since  we've  already  seen  a  film  on  this  let  me  run 
through  briefly  what  we  know  about  turbulence  injection.  The 
spline  device  in  the  b-54  flight  test  was  our  first  confirmation 
that  we  could  do  something  to  the  vortex  wake  and  that  we  could 
reduce  the  rolling  upset.  While  the  drag  penalties  associated 
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\\  1 1  h  the  splines  would  probably  prohibit  th.cir  operational 
use,  there  are  other  methods  to  add  turlnilenee  to  a  vortex  sys 
tent.  The  turbulence  produced  by  the  engines  and  the  turbulence 
produced  bv  landing  gear  are  tuo  examples.  The  knowledge  that  we 
gained  about  the  turbulence  effects  is  going  to  bo  useful  in 
future  aircraft  designs  when  it  comes  to  where  you  place  the 
engines  in  relationship  to  the  main  vortices  that  are  generated 
on  the  aircraft,  and  the  turbulence  from  landing  gear  and  other 
turbulence  producing  devices  on  the  wing  and  their  positions  are 
import  ant  . 

Now,  let  me  go  to  the  other  concept,  which  was  altering  the 
lift  distribution  or  span  load  alteration.  Shown  here  is  a  ~  1  ~ 
model  in  the  V/STOt.  tunnel  in  its  normal  landing  approach  con 
figuration,  with  all  of  the  flaps  deployed  to  about  30  degrees. 

I'lte  slide  to  the  left  shows  the  model  with  the  outboard  flap 

retracted.  What  we're  attempting  to  do  is  to  control  the  inter 
act  ion  between  the  wing  t  ip  vortex  and  the  main  flap  vortex  bv 
changing  its  position  and  its  relative  strengths.  If  we  take  a 
look  at  the  results  of  doing  this,  as  shown  here,  the  rolling 
moment  as  measured  by  the  following  model  technique  that  doe  do 
scribed,  as  a  function  of  scale  distance  behind  the  “1“  model,  all 
the  data  are  for  the  same  lift  coefficient.  Obviously,  a  higher 
angle  of  attack  with  the  outboard  flap  retracted  is  required. 
Plotted  are  the  rolling  upset  in  the  standard  flap  configuration 
as  shown  by  the  circles,  versus  the  rolling  upset  when  we  retract 
the  outboard  flap.  We  noticed  that  initially  there  is  not  a  large 
change  in  rolling  upset.  This  is  because  we  think  that  this  con 
cept  basically  relates  to  the  development  of  the  wake  and  its 
interaction  with  the  wing  t  ip  and  flap  vortex.  The  process  that 
is  going  on  has  not  fully  developed  it's  destruct  ive  nature  unt  il 
further  downstream.  lou  see  that  there  is  a  reduction  in  rolling 
upset  of  at  least  SO  percent. 

Now,  this  concept  has  been  flight  tested.  Shown  here  is  the 
7  1 " ,  with  smokers  installed  in  a  standard  landing  approach  config 
uiation.  A  nice  concentrated  pair  of  vortices.  The  flap  and  tip 


voit  ox  wrap  up  uiul  interact  very  early,  about  a  span  behind  the 
a i r c r alt  . 

Now,  comparing  that  to  the  configuration  to  the  left,  which 
is  with  the  outboard  flap  retracted,  you  notice  that  the  inter¬ 
act  ion  between  the  wing  tip  and  flap  vortex  is  considerably  delayed 
and  this  interaction  process  enhances  the  turbulence  production 
between  the  two  vortices,  and  the  final  wake  that  is  formed  is 
reduced  significantly  in  strength.  The  flight  test  results  tended 
to  confirm  the  model  test  results  in  that  the  rolling  upset  at 
the  same  lift  coefficients  between  unalleviated  and  alleviated 
case  was  reduced  about  50  percent. 

I'd  like  to  point  out  that  this  set  of  flight  tests  also 
taught  us  some  interesting  things  about  controlling  the  inter¬ 
action  of  vortices.  Initially  the  model  tests  were  done  with 
landing  gear  retracted.  So  we  did  the  initial  flight  test  with  the 

landing  gear  retracted,  he  found  that  when  the  landing  gear  was 

lowered,  a  considerable  portion  of  the  minimization  that  had  been 

achieved  was  lost.  And  the  reason  for  that,  is  an  additional 

vortex  at  the  wing  fuselage  junction.  The  landing  gear  turbulence 
interferred  with  this  vortex.  This  vortex  had  an  impact  on  the 
way  the  tip  and  flap  vort  ices  interact  with  one  another.  Addition¬ 
ally,  the  minimization  that  was  achieved  could  be  reduced  by  side 
slipping  the  aircraft.  Also  the  aircraft  was  not  intended  to  be 
flown  in  this  mode  so  there  were  considerable  performance  penalties 
associated  with  it.  1  think  we  had  restriction  on  the  forward 
C .  Ci .  limit. 

Let  me  sort  of  summarize  what  we  found  out  from  the  vortex 
interaction  work.  Controlling  the  distribution  of  vorticity  along 
the  wing  is  an  effective  method  of  controlling  the  vortex  upset. 
Now,  the  way  we  implemented  it  on  an  existing  aircraft  is  probably 
going  to  be  impractical.  The  knowledge  is  beneficial  for  future 
aircraft  designs  and  understanding  the  control  or  interaction  pro 
cess,  as  well  as  understanding  the  placement  of  wing  tip  and  flap 
vortices.  When  1  talk  about  some  of  the  analytical  work  that 
we've  done,  I'll  demonstrate  this  particular  point  again. 


Now,  let  me  move  on  to  the  two  concepts  that  1  talked  about 
which  combine  the  turbulence  and  span  load  alteration.  One  of 
them  is  the  vortex  fin,  the  work  that  was  done  b>  Vernon  Rossow. 
The  fin  is  vertically  positioned  on  the  wing.  The  drawing  shows  a 
rectangular  fin  but  he's  tested  several  types.  The  one  that's 
illustrated  in  the  photograph  is  a  semi  circular  Tin.  These  are 
side  force  generating  fins  in  the  sense  that  they  are  lifting 
surfaces.  They  produce  a  vortex  and  the  effort  here  is  to  produce 
a  vortex  which  will  influence  the  interaction  phenomenon  between 
the  tip  and  flap.  Also  the  fins  produce  turbulence,  too.  So  thev 
add  to  hot  ft  the  turbulence  and  the  wake  and  to  the  vortex  inter 
act  ion  process . 

Model  tests  have  been  done  of  this  configuration.  I'll  show 
one  of  the  results  of  these  model  tests  a  little  bit  later  on. 

But  basically  it  does  reduce  the  rolling  moment  b>  at  least  St' 
percent . 

Now,  another  method,  which  is  probably  what  we've  found  to 
bo  the  most  effective  method  for  reducing  the  vortex  wake  is  by 
selectively  deploying  several  spoilers  on  the  aircraft,  and  I've 
numbered  them  here  on  a  "I",  one,  two,  three  and  four  on  the  out 
board  end.  Shown  on  the  next  vu  graph  for  illustration  purposes 
are  the  spoiler  segments.  Del  f room  has  done  considerable  work 
in  the  V/STOI.  tunnel  and  lie's  done  a  parametric  evaluation  of  the 
various  combinations  of  spoiler  deflections  and  deflection  angles 
and  the  influence  that  thev  have  on  the  downstream  wake  character 
i  s  t  i  c  s  . 

Now,  let  me  sort  of  summarise  the  basic  results  of  the 
spoilers  with  the  use  of  this  chart.  Plotted  on  the  vertical 
axis  is  the  induced  rolling  moment  where  I've  ratioed  the  modified 
vortex  rolling  moment  versus  the  basic  aircraft  configurat ion  with 
out  vortex  modification.  \nd  as  sort  of  a  figure  of  merit  I've 
plotted  the  data  as  a  function  of  the  percent  of  drag  increase. 

All  this  data  was  obtained  for  a  "M”  model;  all  at  the  same  lift 
coefficient.  The  circles  represent  various  combinations  of  flight 
spoilers.  I've  iust  picked  off  a  few  of  them  here  for  interest. 


If  we  deploy  all  of  the  flight  spoilers  to  their  maximum  deflec¬ 
tion  angle  of  45  degrees,  we  get  a  significant  reduction  in  rolling 
moment  but  it  costs  us  a  tremendous  drag  penalty.  Consequently, 
if  we  deflect  only  one  of  the  spoilers,  No.  3,  at  a  very  low  de¬ 
flection  angle  of  15  degrees,  we  don't  achieve  much  rolling  moment 
reduction  or  increased  drag. 

Now,  obviously,  what  one  would  like  to  have  in  terms  of  the 
golden  egg  would  be  to  make  the  induced  rolling  moment  zero,  at 
zero  drag  increase.  Also,  I've  shown  on  here  the  spline  device, 
it's  drag  increase  and  it's  rolling  moment  for  the  ~4~  model,  and 
t lie  Rossow  vortex  fin  as  shown  here.  Two  other  spoiler  configura¬ 
tions  which  1  think  are  worth  noting  are  spoiler  configurations  1 
and  2  at  30  degrees,  and  spoiler  configurations  2,  3  and  4  at  15 
degrees.  Spoiler  configurations  1  and  2  at  30  degrees  were  flight 
tested  and  I'm  certain  that  Joe  is  going  to  talk  a  lot  about  that 
particular  case  and  the  flight  test  results.  The  2,  3,  and  4 
spoilers  at  15  degrees  is  a  configuration  that  was  recently  in¬ 
vestigated  by  Pel  and  we  hope  to  flight  test  it  in  February.  You 
notice  that  it  comes  very  close  to  driving  us  towards  the  optimum 
point . 

I  did  mention  that  the  spoiler  configuration  has  been  flight 
tested,  1  and  2  at  the  30  degrees  deflection,  and  has  shown  signifi¬ 
cant  rolling  moment  reductions.  As  Stickle  mentioned  we  have  yet 
to  land  behind  an  aircraft  with  an  alleviated  wake  however  the 
spoiler  configurations  that  we're  looking  at  now  -2,3  and  4  at 
15  degrees  -  do  show  some  promise. 

Now,  the  majority  of  the  spoiler  work  has  been  done  on  the 
747  model.  Pel  has  done  some  additional  model  test  work  with  a 
DC-10  and  L - 1 0 1 1 .  These  were  cooperative  efforts  with  the  manu¬ 
facturers  in  helping  us  by  providing  the  models,  and  Pel  lias 
found  that  there  are  spoiler  combinations  on  the  PC-10  and  I. -1011 
which  will  reduce  their  vortex  wakes. 

Additionally,  some  preliminary  flight  test  work  was  done  on 
the  L - 101 1  to  confirm  the  model  test  results. 
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I'd  like  to  summarize  the  combination  effects,  that  is,  alter¬ 
ing  the  span  load  distribution,  and  enhancing  the  drag  within  the 
wake.  Our  understanding  of  exactly  which  mechanism  is  predominant 
in  the  spoiler  case  is  not  very  good.  We  know  it  enhances  the  drag 
and  turbulence  and  we  know  it  changes  the  load  distribution.  The 
vortex  fin  is  going  to  require  considerable  modification  to  imple¬ 
ment  on  an  aircraft.  However,  the  device  may  have  use  as  a  side 
force  generator.  Additionally,  there's  some  work  going  on  right 
now  at  Iowa  State  to  enhance  the  effect  of  the  fin  while  maximizing 
its  penalties.  We  have  established  that  there  arc  certain  spoiler 
combinations  that  were  effective  in  reducing  the  vortex  wake.  bow, 
the  spoiler  performance  penalties  are  not  inconsequential,  but  they 
may  be  acceptable.  Additionally,  it's  worth  noting  that  that  type 
of  device  causes  a  drag  increase  that  can  be  easily  recovered. 

You  know,  slam  the  spoilers  down  and  you've  got  all  your  CL -Max 
capability  back  and  you  have  reduced  the  drag  and  you're  in  a 
better  state.  We  have  shown  that  the  spoiler  concept  is  applica¬ 
ble  to  existing  aircraft  and  generally  takes  minor  hardware  changes. 
In  some  cases  you  have  to  change  the  hydraulics  a  little  bit,  or 
maybe  the  electrical  system.  The  information  that's  been  generated 
indicates  the  positioning  and  design  of  spoiler  systems  on  future 
aircraft  should  probably  consider  their  use  for  vortex  minimiza¬ 
tion.  Ke  also  believe  that  presently  the  use  of  the  spoilers  is  a 
most  promising  concept  for  existing  aircraft.  We  had  a  manu¬ 
facturer  take  a  preliminary  look  at  the  feasibility  of  employing 
spline  devices  or  a  drag  device,  span  load  configuration  and  the 
spoilers  on  a  747  aircraft.  The  spoilers  tended  to  have  the  most 
promising  results. 

To  sort  of  finish  off  and  describe  what  we  are  doing  in  our 
experimental  program,  I  would  restate  that  our  understanding  of 
the  relative  importance  of  drag  distribution  and  vorticity  distri¬ 
bution  along  the  wake,  especially  with  regard  to  t  lie  spoilers  is 
not  very  good.  We  have  a  specialized  model  that  we're  employing 
in  tests  right  now,  from  which  we  can  alter  the  twist  along  the 
wing,  thereby  changing  the  load  distribution,  and  go  downstream 
and  measure  rolling  moments  in  the  wake  and  use  hot  wire 
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anemometers  to  measure  the  wake  itself.  We  can  put  spoilers  on 
the  wing,  and  try  and  obtain  a  better  understanding  of  the  basic 
effects  of  span  load  distribution  and  drag  distribution. 

Additionally,  this  particular  model  is  going  to  provide  some 
useful  data  for  verifying  analytical  techniques.  As  Joe  mentioned 
earlier,  the  initial  analytical  work  involved  inviscid  studies  of 
the  wrap-up  of  the  vortex  wake  into  a  vortex  pair  and  the  basic 
movement  of  the  vortex  through  the  atmosphere. 

Now,  we  know  that  turbulence  plays  an  important  part  and  the 
viscous  decay  of  the  wake  is  important  to  understand.  Under  a 
contract  with  Aeronautical  Research  Associates  of  Princeton,  a 
computer  code  has  been  generated  that  is  a  viscous  modeling  of  the 
vortex  wake.  1  just  want  to  show  you  some  of  the  results  of  that 
computer  code  without  describing  it  in  any  particular  detail.  IV  It  a  t 
I've  plotted  here  is  the  induced  rolling  moment  on  a  following 
aircraft  as  a  function  of  the  spacing  between  the  flap  vortex  and 
the  wing  tip  vortex.  And  I've  done  it  for  the  ratio  of  vortex 
strengths  of  tip  vortex  to  flap  vortex  at  a  value  of  two,  and  of 
equal  strength.  And  you  see  that  by  varying  the  position  of  the 
flap  vortex,  all  this  done  at  the  same  lift  coefficient,  you  change 
the  rolling  moment  considerably.  Now,  these  results  do  not  exactly 
correspond  to  real  world  conditions,  but  this  particular  point  is 
comparable  to  the  landing  approach  configuration  of  the  "4^  with  a 
flap  vortex  almost  twice  as  strong  as  the  wing  tip  vortex  and  you 
get  a  large  rolling  moment  and  the  other  case  here  corresponds  to 
removing  or  retracting  the  outboard  flap  and  positioning  a  vortex 
here  and  here  both  of  nearly  equal  strength.  The  computer  code 
predicts  a  large  change  in  rolling  moment.  The  computer  code  being 
a  viscous  modeling  is  also  capable  of  handling  the  interaction  of 
the  vortex  with  atmospheric  phenomena,  turbulence  in  the  atmosphere, 
wind  shear  in  the  atmosphere  and  the  influence  of  the  ground  plane 
on  the  vortex  itself.  Shown  here  is  one  vortex,  for  various  non- 
dimensional  time  steps  of  a  vortex  descending  down  and  moving 
across  the  ground  and  interacting  in  a  viscous  manner  with  the 
boundary  laver.  It  was  found  that  in  this  case  there  is  some 


change  in  the  flight  and  the  movement  path  of  the  vortex,  and 
also  the  decay  of  the  vortex  is  considerably  enchanced. 

What  I've  basically  shown  on  the  left  is  the  vertical  position 
of  the  center  o f  the  vortex  as  a  function  of  the  lateral  position 
in  terms  of  semi-span.  The  solid  curve  represents  the  centroid  of 
this  vortex  as  it  marches  through  time.  The  dotted  line  shows  the 
predicted  path  for  an  inviscid  model  and  the  influence  of  the 
ground  plane  is  to  change  the  position  considerably.  The  scaling 
factor  for  a  74^  between  this  non-dimensional  time  and  the  real 
world  time  is  about  a  factor  of  10,  since  40  represents  400 
seconds . 

Let  me  summarize  now  our  analytical  efforts.  Preliminary 
results  indicate  that  the  computer  code  that  we  have,  although 
not  fully  verified,  is  useful  for  predicting  the  vortex  wake 
character.  This  code  is  available  for  use  now  by  the  manufacturers. 
One  company  does  have  it  and  is  making  some  calculations  using  this 
code.  1  failed  to  point  out  one  of  the  limitations  of  the  code. 

The  code  starts  at  the  trailing  edge  of  the  wing  and  given  a  set 
of  initial  conditions  of  the  flow  field  at  the  trailing  edge  it 
develops  the  downstream  character  of  the  wake.  Somehow  we  have  to 
have  that  initial  condition.  It  can  be  estimated  or  measured  in 
some  of  our  model  tests.  The  code  only  works  one  way.  It  can 
only  take  the  conditions  at  the  trailing  edge  and  tell  you  what  the 
wake  character  is  downstream,  given  a  wake  character  downstream 
you  really  can't  go  upstream  with  it  and  determine  what  type  of 
wing  load  distribution  and  drag  distribution  that  is  required  to 
give  you  that  wake. 

Now,  the  requirement  for  a  detailed  trailing  edge  condition 
is  under  investigation  with  the  variable  twist  wing  that  we  have. 

It  mav  be  sufficient  to  use  existing  lifting  surface  paneling 
techniques  to  predict  the  trailing  edge  conditions  and  make  some 
empirical  estimate  of  the  turbulence  or  it  may  be  required  to  have 
a  very  detailed  description  of  the  trailing  edge  conditions  behind 
an  aircraft  in  order  for  the  code  to  provide  useful  results.  That 
question  hasn't  been  answered  yet. 
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Lot  mo  summari.’e  m\  presentat  ion.  Signit  want  wake  vortex 
alleviation  has  boon  demon  s  t  ra  t  ed .  Ko  «.l  i  >.1  it  with  t  ho  spoiler 
work  and  with  other  flight  test  work.  he  think  we  made  some 
advances  toward  a  solution  that's  applicable  to  the  current  air 
craft  fleet.  I'm  talking  about  the  spoiler  work.  Ite.  J:  lv  ui  k-  we-  — 
huve-  uialvt  rc-a  +  -t-ovi  1  s  that  are  available  for  the  designer  in 
aiding  him  to  evaluate  what  vortex  wake  is  behind  any  coni  igurat  ion. 

MU.  ST  1  i'M  1  :  Okav  .  Before  we  go  into  the  other  session  which 
will  carry  the  pilot  comments  and  everv thing,  are  there  any  quos 
t  ions  that  vou  want  to  bring  up  now? 

11  not.  we’ll  got  i  n  t  o  the  interesting  part. 

doe?  doe's  >;i>  i  n  e.  t  o  tell  vou  what  it's  like  to  be  back 
there.  I'll  let  vou  introduce  Russ. 

MU.  TYMhYYS.'Y  N:  I've  asked  Russ  Barber,  a  fellow  I've  worked 
with  for  a  good  main  vears  tv'  introduce  this  session  and  1  have  an 
ulterior  motive  there.  Anything  that  he  introvluces  lends  credibil 
ttv  tv'  what  1  have  tv'  sav  about  it.  So,  Russ,  1  wonder  it  vou 
will  start  the  program  off. 

MR.  BARIM'R:  Having  worked  at  the  1'ryden  flight  Research  / 
t  enter  for  several  vears  now,  in  fact  ,  my  out  ire  career,  I  t^fe / 
quentlv  get  a'-fed  tv)  help  the  pilots  with  their  comment  sessions. 

Ue’re  going  to  talk  about  those  systems  that  have  been  veri 
tied  in  flight.  fhcv’re  listed  there/  conventional  flaps,  splines, 
tin-  SO  I  flap  con  I  i  gu  r  a  t  i  on  .  he  ’  re  /go  i  ng  tv'  talk  a  1  i  t  t  1  e  bit 
about  a  B  AO  flap  configur.it  ion  that  actually  augmented  the  wake. 

\nd  linallv,  the  spoilers  that  we  have  flown  v'n  both  the  "■!'  and 

I  1011. 

I've  got  a  short  sequence  ol  film  here  which  will  illustrate 

1 1  t  rnua  t  i  on  ,  I  think,  rather  graphical  lv.  he'll  show  vou  that 
■  1  t  ,u  doe  van  talk  about  the  pilots'  impressions. 

1 1 ,1  I  ha  v  e  t  In1  I  i  1  m  ,  pi  ease  Y 


Oi|llO!U'  i '  o 


l  til  m  ho  ro  \\  i  1  1  i  l  1  us  t  ra  t  o  t  ho  oil  oc  t  o  t 


t  i  inc.  the  wake  of  a  basic  airplane.  This  is  a 

I  laps  up.  Note  the  wake  on  the  right  wing  here. 


FLIGHT  VERIFIED  ATTENUATION  "CTHODS 

o  CONVENTIONAL  FLAPS  (ALL  AIRPLANES) 
o  SPLINES  (C-5«) 

o  30-1  FLAPS  (7V) 

o  5-30  FLAPS  -  AUGMENTATION  -  (7< 17) 
o  SPOILERS  (7H7  AND  L-1011) 


Ik-  ran  out  of  smoko  on  the  left  wing.  Pay  no  attention  to  that. 
Hero  ho  is  extending  the  flaps,  and  what  you'll  soo  as  the  flaps 
come  down  is  that  this  wake  changes  from  relatively  small  type  of 
cord  wake  to  a  much  more  diffuse  flow  pattern.  The  flaps  are 
coming  down  now,  you  can  see  the  wake  bending  down.  It's  obviously 
fortuitous  that  flaps  in  themselves  have  this  effect  on  the  wake 
in  that  if  we  didn't  have  this  amount  of  attenuation  we  would 
probabl)  be  living  with  separation  distances  of  8,  10,  12  miles, 
Trpvxuise  the  clean  wakes  are  much  more  uniform  and  much  more  up 
setting  to  a  trailing  aircraft.  You  see  an  obvious  difference 
there  from  when  the  sequence  first  started. 

doe  had  mentioned  the  splines.  I've  got  a  sequence  of  film 
here  that  shows  the  wake  of  the  basic  (2-54,  that  is,  with  no 
splines.  'ion  see  the  real  tight  core.  I'll  ment  ion  here  that 
the  splines  were  mounted  on  the  wing  tip  of  the  11-54.  That  was 
done  for  simplicity  of  the  test  program.  Any  of  the  work  that 
we've  done  we've  realized  that  the  dominant  vortices  off  of  the 
heavy  transports  are  shed  at  the  outboard  edge  of  the  outboard 
flap  and  therefore,  to  be  practical,  the  splines  would  have  to  be 
mounted  there  in  any  kind  of  an  application.  But  you'll  notice 
the  difference  in  the  wake  here  as  compared  to  the  previous 
sequence.  Again,  a  much  more  diffuse  flow  pattern. 

doe  Stickle  and  1  didn't  get  completely  coordinated  and  this 
is  the  same  sequence  of  film  that  he  illustrated  where  of  the 
I’A- 28  would  be  upset  at  about  4.5  miles,  with  the  basic  airplane, 
whereas  it  was  able  to  fly  under  3/10ths  alleviated. 

That  was  the  basic  "47  in  the  30-30  flap  configuration.  The 
wrapped  up  vortex  system  is  here  and  I'll  show  this  for  a  period 
of  time  to  give  vou  some  feel  for  the  persistence  of  it.  In  the 
next  sequence  of  film  will  be  a  flyover  in  the  30  1  flap  configura 
tion.  And  in  that  configuration  you  can  actually  see  the  inter¬ 
action  of  the  wing  tip  inboard  flap  vortices  that  lari  talked 
about  previously  and  the  decay.  The  photographer  pans  hack  down 
stream  here  and  you  can  see  that  this  wake  is  still  persistent  in 
t  he  d  i  st a nee . 


Tot  a  1  I  v  d  i  f foront 


Okay.  Here's  the  30  1  flap  configuration, 
flow  pattern  in  the  near  field  ami  as  the  airplane  goes  overhead 
I'll  try  to  point  out  the  interaction  to  you.  You  can  see  the  tip 
vortex  is  off  by  itself,  it  lolls  up  and  over  the  vortex  shed  by 
the  flap.  And  then  as  they  merge,  a  destruction  starting  to  occur 
between  the  two  systems.  What  this  did  is  actually  destroy  the 
vortex  at  a  much  closer  distance  to  the  generating  airplane. 

Okay.  This  again  is  the  "47  in  its  basic  landing  configura¬ 
tion,  30  30  flaps,  gear  down.  We  had  an  improved  smoker  system  on 
there  so  you  see  much  more  of  the  total  flow  pattern  behind  the 
airplane.  But  you  see  the  dominant  trail  vortices,  the  combination 
of  the  wing  tip  and  the  outboard  flap,  remaining  about  the  same  in 
the  rest  of  the  flow.  Actually  they  hound  this  total  flow  condi 
tion.  these  were  tests  that  were  done  at  Rosamond  Pry  Take.  TSC 
had  their  laser  van  out  there  and  we  actually  made  flow  field 
ve 1 oc  i  t  v  measurement s . 

Note  that  the  airplane  has  turned  out  of  the  field  of  view 
and  we  still  have  a  vortex  prevalent  as  compared  to  the  configura¬ 
tion  with  the  two  outboard  spoilers  extended.  This  is  the  same 
day,  just  a  few  minutes  after  the  previous  one.  And  you  never  see 
the  wrap  up  of  the  type  vort  ices  that  you  saw  in  the  previous 
con f i gurat i on . 
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I'll  give  it  back  to  doe. 

MR.  TYMPZYSZYN :  thank  you  very  much,  Russ. 


CHARACTERISTICS  OF  30-1  FLAPS 


BASIC  7k7  (LANDING  CONFIGURATION) 

HAKE  PERSISTS  TO  6-7  MILES 

UNCONTROLLABLE  EXCURSIONS  AT  MILES 
OR  LESS  (f  >  180  ) 

30-1  FLAPS 

WAKE  NOT  DETECTABLE  BEYOND  H  MILES 
(GEAR  UP) 

T-37  CONTROLLABLE  TO  1.8  MILES 
<P<30  )  CL  7i,7  -  1.2 

CL  7H7  m  l.1*  HAKE  AT  2.5  MILES  APPROXIMATES 
BASIC  AIRPLANE  AT  5  MILES 

LANDING  GEAR  DISAPPOINTINGLY  REDUCED 
ATTENUATION 
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everything  you've  seen  up  to  now  has  given  you  the  historv 
of  wake  turbulence  attenuation  or  alleviation.  My  comments  this 
afternoon  on  our  vert i l  i  eat  ion  ,  operational  and  environmental 
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Vine  reason  for  thinking  about  t  h  i  s  is  that  even  though  we're 
so  excited  about  attenuation  with  spoilers,  ue  want  you  to  keep 
thinking  about  the  fact  that  when  the  t  ime  comes  that  its  cost 
benefit  studies  shot'  that  you  must  also  work  on  an  attenuation  for 
take  off  and  departure,  a  technique  such  as  this  mav  not  he  on 
tirelv  out  of  the  question. 

Now,  we're  going  to  talk  about  the  ad  I  flaps.  Ue've  seen 
pictures  of  that  before  and  it  was  our  very,  very  first  successful 
attempt  at  seeing  sizable  attenuation  u  i  t h  a  relatively  simple  air 
plane  change  although  it  would  not  he  a  very  pract  ical  airplane 
configuration.  hirst  of  all,  I  want  to  summarise  it  by  saving  that 
in  a  normal  configuration  the  wake  persists  t>  to  ~  miles  and  that 
for  any  separation  distances  over  I  .  5  miles  you  have  absolutelv 
uncontrollable  excursions;  therein  lies  the  ('-mile  separation  o  I 
t  oday . 

When  we  went  to  the  30  I  flap  configurat  ion,  which  reallv  just 
changed  the  span  lift  distrihut  ion,  we  could  not  fiinl  a  wake  beyond 
4  miles.  And  we  might  mention  that  there  were  literal |\  dozens  atnl 
dozens  and  vlozens  of  penetrations  both  parallel  ami  cross  track 
looking  for  it.  IV e  worked  our  wav  into  1.8  miles  in  this  con 
figuration,  at  a  Coefficient  of  I  i  ft  (l.jt  of  I..’,  which  is 
approximately  15  knots  above  normal  landing  approach  speed,  and 
we  had  an  absolutely  controllable  airplane  at  1.8  miles.  Now, 
at  1.4,  which  is  akin  to  the  1.3  times  the  stall  speed  or  t he 
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CHARACTERISTICS  OF  SPLINES 

BASIC  C-5A  (FLAPS  UP) 

HAKE  PERSISTS  TO  5  MILES 

PA-28  -  UNCONTROLLABLE  ROLL 
UPSETS  AT  2.5  MILES  OR  LESS 

C-54  WITH  SPLINES 

HAKE  PERSISTS  TO  4  MILES 
PA-28  CONTROLLABLE  TO  .3  MILES 
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reference  speed  which  in  the  case  of  the  747  is  142,  144  knots  at 
gross  weight.  We  had  the  same  characteristic  controllability  at 
2.5  miles  compared  to  the  basic  airplane  at  5  miles.  There  goes 
your  one-half  distance  that  Jerry  was  talking  about.  After  a  lot 
of  flying,  I've  come  to  the  conclusion  that  we  can  achieve  half 
that  distance. 

Now,  because  the  wind  tunnel  model  did  not  have  a  landing 
gear  on  it  we  did  all  of  our  work  with  the  gear  up,  then  we  put 
the  gear  down.  We  found  that  we  lost  part  of  the  attenuation  ,  not 
all  of  it.  That  was  obviously  a  disappointment.  But  to  be  practi¬ 
cal  about  it,  it  wasn't  necessarily  the  most  promising  practical 
configuration  for  the  B-747  anyway.  This  is  a  plot  of  the  rolling 
moment  coefficient  imposed  on  a  T-37  with  the  pilot  effort  removed 
and  you  see  that  at  distances  beyond  4.5  miles  you  still  have  some 
pretty  big  control  problems.  This  shows  that  we  found  nothing 
beyond  4  miles  for  the  alleviated  configuration  and  yet  quite  a 
bit  of  scattering.  There  are  two  ways  to  measure  this,  one  is 
qualitative  the  other  is  quantitative,  which  is  the  best.  The 
second  is  with  rolling  moment  coefficents,  which  are  required 
in  order  to  maintain  continuity  and  correlation  with  wind  tunnel 
tests.  We  also  use  roll  acceleration  and  roll  control  power  of  the 
airplane,  and  also  bank  angles.  But  in  this  particular  case,  we 
have  one  dominant  difference,  the  aerodynamic ists  might  look  at 
this  and  say  you've  got  a  problem  here  at  2.5  to  3  miles.  You 
really  haven't  solved  anything.  But  look  at  it  from  the  pilot 
side.  At  4.5  miles,  behind  a  B-747  or  a  L-1011  for  that  matter, you 
enter  the  wake  and  before  you  know  what  hit  you  you're  out  of  it, 
you've  been  flipped,  180  degree  roll  or  more.  You're  out  of  it. 

You  really  don't  have  time  to  respond.  In  these  cases,  many  of 
these  exposures  are  8-,  10-,  12-,  15-second  wrestling  matches. 

It's  beautiful.  You  get  in  there  and  you  just  have  more  darn 
fun.  It's  just  like  an  arm  wrestling  match.  You  are  using  the 
T-37  or  the  Lear jet  as  a  torque  wrench  to  stay  in  there.  So  the 
time  difference  of  exposure  is  not  reflected  in  a  rolling  moment 


o  CONVENTIONAL  LANDING  CONFIGURATION 
^  30-1  FLAPS,  GEAR  UP 


coefficient  comparison.  But  to  summarize  it  very  quickly,  we 
say  we're  getting  about  the  same  level  of  controllability  at  half 
the  distance,  and  1  think  that's  significant. 

I  he  5-30  flaps  --  1  am  very  proud  of  this  because  it  is  an 
absolutely  useless  configuration  and  Boeing  has  quite  a  bit  of  dif¬ 
ficulty  proving  something  as  dumb  as  that.  But  if  there  is  anyone 
in  1078  that  doesn't  believe  that  you  can  make  small  changes  to  an 
airplane  to  achieve  attenuation  ,  this  is  the  test  that  will 
absolutely  prove  it.  If  in  fact  vou  can  get  vortex  attenuation  or 
alleviation  by  changing  span  load  distribution  one  way ,  why  not  try 
it  at  180  degrees  apart  and  see  if  you  can  get  augmentation.  lie 
indeed  did.  As  we  entered  the  wake  behind  the  right  wing  of  the 
"47  at  4  miles,  it  was  small  and  tight  and  I  think  we  might  say 
here  from  a  pilot's  viewpoint,  we  have  beautiful  correlation  between 
what  that  wake  looks  like  and  what  is  going  to  happen  to  you. 

Almost  direct  correlation.  At  4  miles  we  got  such  a  loud  jolt 
that  we  decided  to  make  a  3t>0  degree  turn  and  pick  the  vortex  up 
at  o  miles.  At  b  miles  we  did  a  double  inverted  snap  roll,  the 
right  engine  flamed  out  and  we  had  the  most  violent  maneuver  from 
there,  and  loss  of  the  right  engine. 

This  is  a  picture  of  the  two  sets  of  vortices  from 
the  ground.  The  airplane  is  flying  1,000  feet  above  us.  This  is 
a  5-30  configuration  and  this  is  the  augmented  configuration. 

Again,  1  ask,  who  needs  augmentation.  But  there  is  pretty  good 
visual  proof  that  you  have  a  problem  and  the  spectral  density  or 
the  optical  density,  as  1  say,  does  seem  to  correlate  with  what's 
going  to  happen  to  you.  Compare  that  with  the  normal  30-3(1  flap 
configuration,  or  normal  landing  configuration,  and  you  can  say  that 
if  you  can  alleviate  or  attenuate  you  can  also  augment  if  anyone 
has  any  use  for  such  a  useless  piece  of  physics. 

Okay.  Next  set  of  view  graphs,  please.  This  is  20  seconds 
downstream.  All  you  have  to  do  is  fly  in  that,  underneath,  the 
one  on  the  left,  the  augmented  vortex  would  really  clobber  you. 

The  one  on  the  right  is  the  normal  one. 
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CHARACTERISTICS  OF  B-7^7  5-30  FLAPS 

VORTEX  AUGMENTED 

SMALLER  CORE  THAN  BASIC  AIRPLANE 

T-37  PROBE  AT  6  MILES-DOUBLE  INVERTED 
SNAP  ROLL,  ENGINE  FLAME  OUT 


WHO  NEEDS  VORTEX  AUGMENTATION  ??? 


Next  set  ot  view  graphs.  This  maneuver  has  intrigued  me  since 
we've  done  it.  This  is  a  double  inverted  snap  roll  at  6  miles  he 
hind  the  augmented  configuration  and  sometime  when  anyone  has  a  lot 
ot  time  and  can  help  me  analyze  it,  I'd  really  appreciate  it. 
first  ot  all,  as  we  enter  the  vortex  it  was  over  in  a  matter  of 
seconds,  we  had  a  tremendous  lateral  acceleration  and  that  sure 
makes  your  co-pilot  very  uncomfortable.  But  it's  a  tremendous 
side  acceleration  and  then  you'll  notice  a  negative  acceleration 
while  the  angle  of  attack  is  building  to  30  degrees.  So  p ret  tv 
soon  you  say:  Holy  smokes,  what's  going  on.  And  keep  remembering 
that  the  impact  on  the  probe  or  victim  airplane  is  not  just  roll. 
It's  also  angle  of  attack  and  also  violent  yaw.  Think  about  this. 
Negative  acceleration,  positive  angle  of  attack.  It's  quite  a 
drastic  maneuver  and  it's  something  that  1  think  proved  beyond  a 
shadow  of  a  doubt  that  we  can  produce  augmentation.  One  charac¬ 
teristic  of  this  particular  maneuver  is  that  we  far  exceeded  the 
capability  of  our  data  acquisition  system  to  pick  up  roll  rate. 

The  next  set  of  slides.  I  was  just  beginning  to  have  fun 
when  the  fellows  in  the  control  center  called  it  off.  They  said 
we  exceeded  the  structural  limits  of  the  airplane  or  some  such 
dribble,  but  we  do  want  to  say  that  on  all  of  the  flying  that  has 
been  done  even  in  those  cases  where  we  have  exceeded  structural 
limits,  we  have  not  hurt  an  airplane,  and  that  might  be  of  great 
interest  to  some  of  the  structural  people  and  it  may  be  because 
of  the  very,  very  sharp  impact  and  short  time  duration. 

Now,  here's  our  favorite  subject  and  the  one  which  will  form 
the  basis  of  what  we  honestly  believe  is  a  very  easy  modification 
to  the  existing  fleet  of  jet  transport  airplanes,  not  iust  the 
heavies.  The  latest  configuration  which  we  have  tested  is  the  two 
outboard  spoilers  on  both  sides,  1,  d,  11  and  Id  as  you've  just 
seen,  and  the  characteristics  are  that  you  have  a  more  diffused 
wake.  The  wake  persists  at  approximately  4.5  miles.  The  1-3"  has 
been  controllable  to  1."  miles.  Bank  angles  there  for  very  long 
exposures  did  not  exceed  45  degrees  bank.  Again,  1  want  to  stress 
that.  Where  we  stay  in  here,  we're  deliberately  doing  that  and 
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CONVENTIONAL  LANDING  CONFIGURATION 
CONVENTIONAL  LANDING  CONFIGURATION  PLUS 


SEPARATION  DISTANCE,  N.  Ml. 


CHARACTERISTICS  OF  SPOILERS 


B -747  (SPOILERS  1,  2,  11  I  12) 

MORE  DIFFUSED  WAKE 

WAKE  PERSISTS  TO  <1.5  MILES 

T-37  CONTROLLABLE  TO  1.7  MILES 
<f<45  -  VERY  LONG  EXPOSURE) 

DC -9  UPSEIS  AT  5  MILES  SIMILAR 
TO  UNALLEVIATED  AT  5  MILES 

L-1011  (SPOILERS  3,  4,  I  5) 

MORE  DIFFUSED  WAKE 

WAKE  PERSISTS  TO  4  MILES 

T  37  CONTROLLABLE  TO  1.8  MILE 
<f<45  -  VERY  LONG  EXPOSURE) 

LOADS  ON  PROBE  AIRCRAFT  SIGNIFICANTLY 
REDUCED 


That's  the  101 1.  \gain  we've  talking  about  the  normal  con 
figuration  and  vou  see  the  similarity  with  previous  data.  Out 
here,  for  example,  at  1.5  miles  behind  a  It'll  in  a  5 -degree  descent 
you  mst  enter  the  vortex  and  you  get  a  role  of  540  degrees.  \gnin 
a  one  and  a  half  snap  roll.  \ou  work  your  ua>  in  the  attenuated 
con f i gurat  ion  all  the  wax  to  l.S  miles  and  there  is  absolutely  no 
question  in  your  mind  that  you  have  achieved  a  degree  ol  control 
lability  that  you  could  not  have  before. 


Now,  this  is  our  hope  for  the  verx  near  future.  I  would  have 
given  anything  in  the  world  to  have  flown  this  configuration  for 
this  conference.  But  as  vou  know,  the  space  shuttle  ~4~  is  no 
longer  available  to  us  and  we  are  working  with  hoeing  to  use  their 
No.  1  "4"  to  continue  this  type  of  work.  The  squares  are  the 
spoiler  segments  deflected  as  in  our  early  test  1,  J,  11  and  l J . 
These  are  J  and  4.  These  are  1,  5  and  1.  This  is  pel  (.‘room's 
latest  con f  i  gurat  i on  and  lo  and  behold,  whereas  in  flight  we  were 
required  to  have  something  like  5 S  to  11  degrees  of  deflection  on 
these,  up  in  this  area,  he  has  found  a  coni' igurat  ion  that  will  give 
ns  less  at  tent uat i on  well  within  the  roll  of  control  power  of  the 
T  with  three  spoiler  segments  at  15  degrees.  Now,  we'll  talk  a 
little  more  about  that  this  afternoon.  But  that  means  if  we  see 
that  kind  of  increased  attenuation  and  flight  test,  we've  got  it 
made.  This  kind  of  deflection  is  not  too  different  from  the 
lockheed  1011  Pt'l  .  In  terms  of  noise,  we're  talking  about  some 
thing  like  O  lOths  of  a  dB  compared  to  J  or  5  dB  up  here.  In 
terms  ol  cost  we  will  again  discuss  that  t h i s  afternoon.  This  is 
about  5J  an  approach  more  for  J . 5  minute  IIS  than  the  attenuated 
airplane,  so  I  think  we'll  have  some  valuable  data  for  you,  at 
least  the  verx  best  estimate  we  could  get  from  the  manufacturers 
on  noise  levels  and  on  economics  on  this  particular  configuration. 
\nywax  ,  it  represents  a  white  hope,  and  we  only  hope  that  Pel 
doesn't  get  too  tired  before  he  applies  the  same  magic  to  the 
IH'  10  and  toil. 


This  is  a  statement  of  work  that  is  now  being  worked  with 
Boeing  to  use  their  No.  1  ~ I ~  to  continue  the  work  that  was  being 
done  with  the  space  shut t le- carry  ing  airplane.  They  consist  of 


STATEMENT  OF  WORK 

FOR 

BOEING  747  AIRCRAFT  FLIGHT  TIME 
FOR  MAKE  VORTEX  FLIGHT  RESEARCH 

October  1978 

PR  77-623  PR  78-446 


1.0.  General 

The  NASA  Drvden  Flight  Research  Center  (DFRC)  has 
a  requirement  to  aeaiure  the  wake  vortex  characteris- 
tica  of  a  Boeing  747  aircraft  flying  with  non-standard 
configurations  of  spoiler  deflections.  The  requirement 
for  these  measurements  results  from  recent  wind-tunnel 
tests  conducted  at  the  NASA  Langley  Research  Center 
(LaRC) .  The  wind-tunnel  tests  have  defined  two  spoiler 
configurations  for  the  747  aircraft  that  provide  sig¬ 
nificantly  more  wake  vortex  attenuation  than  haa  been 
observed  in  previous  tests  (Reference  7.1.0). 

2.0.  Objectives 

Figure  1  illustrates  the  rolling  moment  coefficients 
induced  on  a  trailing  model  for  the  configurations  of 
Interest.  It  should  be  noted  that  spoiler  segments  1 
and  2  deflected  to  41  degreea  is  the  best  configuration 
that  has  been  flight  tested.  If  the  new  configurations 
are  aa  good  as  these  data  predict,  then  the  attainment 
of  a  workable  attenuation  scheme  is  close  at  hand. 
Therefore,  it  ia  desirable  to  obtain  in-flight  measure¬ 
ments  of  the  roll  upsets  induced  by  these  configura¬ 
tions.  Further,  if  the  in-flight  measurements  yield 
results  as  positive  a%  these  data  reflect  it  would  be 
desirable  to  attempt  actual  landings  at  reduced  separa¬ 
tion  distances. 

3.0.  Scope 

3.1.  The  effort  required  by  this  Statement  of  Work  is 

separated  into  two  phases  as  follows: 

1.  Flight  verification  of  the  two  new  conf igurations 
defined  in  Figure  1. 

2.  Actual  landings  of  a  trailing  aircraft  at  reduced 
separation  distances  (target  3  n.  miles)  behind 
the  best  of  the  configurations  tested. 


two  parts,  the  first  will  be  a  flight  verification  of  the  two  new 
configurations  we  find  in  figure  1  in  the  previous  slide.  If  we 
>;et  the  attenuation  that  we  expect ,  that  wans  we '  re  real  In  going 
ethinj  •  wor l  witl  down  to  a  landing,  \nd  the  second 
part  oi  it  will  he  the  actual  landing  of  a  trailing  aircraft  at 
reduced  separation  distances.  lie’ re  targeting  foi  1  miles  as  it 
says  here,  but  our  real  target  is  one  half  the  distance  shown  pro 
viously,  behind  the  best  of  the  configurations  tested.  Sow,  if  we 
are  not  exactly  happy  here  we're  going  to  have  to  resort  to  a  re 
motel y  piloted  vehicle,  an  I  so,  to  do  some  of  the  initial  landings 
in  order  to  dispel  the  argument  of  what  is  the  relat  ive  strength 
of  the  vortex  in  ground  effect  compared  to  free  aii  and  so  on. 

Very  briefly,  this  shows  a  time  schedule  for  when  we  hope  to 
achieve  this.  Ibis  is  a  time  period  for  No.  l  74?  where  they're 
going  to  install  the  active  control  system.  We  have  to  work  in 
here,  hopefully,  within  January,  just  six  or  eight  weeks  from  now, 
we  hope  to  get  a  crack  at  the  very  first  2,  3  and  15  degrees  and 
then  hopefully  follow  through  with  actual  landings  behind  that 
a  i  r  p  1  a  n  e  . 

1'hat's  it. 

\ow  are  there  any  questions  immediately  following  that.  I 
think  time  is  running  short  and  we  had  better  save  questions  for 
afterwards  and  return  it  to  loe. 

MR.  STICK  1.1  :  Thank  you,  .loe. 

1  told  you  that  this  would  be  the  interesting  part.  We  still 
have  \1  Gessow  to  talk  about  the  future  plans  in  the  program  and 
what  our  requirements  are.  A1  is  the  Chief  of  the  Aerodynamics 
and  Physics  Branch  in  our  Office  of  Aeronautics  and  Space  Tech¬ 
nology.  So,  A 1 ,  I'll  turn  it  over  to  you . 

MR.  GISSOW:  I'll  try  not  to  keep  you  too  long  from  your  lunch 

hour . 

You've  seen  a  couple  of  examples  where  perhaps  there's  been 
a  slight  overlap  in  material  that  we  NASA  authors  have  presented. 

I  therefore  listened  very  carefully  to  what  dim  Kramer  had  to  say 
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this  mo  ni  i ng  ,  p e r haps 


i 

a  little  hit  mo  re 


so  than  most  of  you, 
heeause,  it  his  views  of  NASA's  role  in  the  wake  vortex  picture 
differed  in  am  suhst.it  ial  way  from  what  I  was  prepared  to  say, 
then  1  had  a  problem  on  my  hands.  fortunately  for  me  and  for  m\ 
percept  ion  ol  our  role  in  the  wake  vortex  picture,  dim  and  1  are 
in  substantial  agreement.  That  means  my  remarks  on  NASA's  future 
role  reallx  underscores  what  you've  heard  earlier  t  his  morn  in;;. 

Our  future  plans  could  he  stated  very  simply.  As  o!  now,  we 
have  no  plans  for  a  large  scale  follow  on  program  of  the  magnitude 
which  produced  the  results  that  you've  heard  this  morning  from 
Stickle,  Punham,  ('vine  y  s  r  yn  and  Harbor.  He  do  intend,  however, 
to  carrx  on  a  low  keyed  Util'  effort  which  would  further  our  under 
standing  and  our  ahilits  to  predict  the  character  ist  ics  and  mutual 
interference  behavior  of  multivortex  wake  systems.  This  low  keyed 
Rf,l)  effort  would  he  centered  about  our  computational  effort,  which 
sou  have  heard  about ,  aiul  would  involve  also  some  small  and  model 
ate  wind  tunnel  studies.  fli  i  s  in  format  ion  would  he  applicable  to 
the  design  of  future  aircraft  systems  in  which  wake  vortex  al 
lev  i  at  ion  is  a  cons  i  dera t  i  on  . 

Now  that  I've  given  you  the  bottom  line  statement  of  our 
plans,  1  '  d  like  t  c>  go  back  a  bit  and  review  some  of  the  reasons 
why  we  don't  have  a  more  comprehensive  long  range  plan,  and  in  the 
process  repeat  a  little  bit  ol  what  Stickle  said.  You  will  recall 
that  he  said  that  in  the  summer  of  l‘.'"J  we  were  asked  h\  the  I  \\  to 
make  an  assessemnt  as  to  whether  wake  vortex  alleviat  ion  bs  aero 
dynamic  means  was  feasible.  Our  assessment  of  the  situat  ion  would 
be  a  cons  iderat  ion  in  the  decision  the  1  A A  would  have  to  sub 
sequent  ly  make  as  to  the  necessits  for  developing  and  installing 
wake  avoidance  systems  at  major  airports. 

\s  you  know,  we  reported  in  .laiiuarv  of  l!>~.)  that  we  were 
guardedly  optimistic  that  aerodynamic  solutions  were  feasible. 

At  that  time,  therefore,  we  had  essentially  completed  what  we  had 
set  out  to  do  and  we  were  duly  thanked  for  our  efforts  by  the  !'\\. 
Bv  then,  however,  we  were  convinced  that  we  were  hot  on  the  trail 
of  some  definitive  results,  particularly  with  regard  to  a  retrofit 
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solution.  IV  o  continued  our  of  Torts  aiul  report  ml  on  our  progress 
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an  occasional  pat  on  the  head  by  the  I  V\  when  we  briefed  them  on 
our  program  and  our  progress,  it  seemed  to  us  that  we  were  pursuing 
our  efforts  under  a  polio  of  "benign  neglect".  ll  want  to  point 
out,  by  the  wav,  in  order  not  to  alienate  m\  friends  in  the  1  \.\, 
that  when  1  speak  of  the  l  V  \  I'm  talking  about  the  agencx  in  an 
overall  sense,  and  not  indivdual  elements  and  people  who  have  been 
interested  in  advancing  the  wake  vortex  alleviat  ion  efforts.) 


In  essence,  we  were  unable  to  persuade  the  1  \\  to  take  the 
lead  in  pursuing  a  program  to  explore  the  operat  ional,  safety  and 
economic  implications  of  our  wake  vortex  alleviation  methods  with 
the  potential  objective  of  reducing  t he  separation  standards. 

\fter  all,  a  reduct  ion  in  separat  ion  standards  as  someone  ment  ioned 
earlier,  is  what  this  game  is  all  about.  1  sax  all  this,  as  the 
expression  goes,  more  in  sorrow  than  in  anger,  for  I  recognire  the 
constraints,  both  internal  and  external,  under  which  the  f\\  and 
its  various  elements  operate.  The  point  is,  we  have  reached  the 
end  of  tin1  program  which  we  have  laid  out  for  ourselves,  a  program 
which  included  rather  expensive  proof-of  concept  flight  demonstra 
t  ions.  Thus,  except  for  the  low  level,  long  range  ground  based 
program  which  I  mentioned  earlier,  our  current  program  will  be 
concluded  at  the  end  of  this  l' i  seal  vear. 
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Now,  whether  or  not  there  will  ho  a  1’hase  II  program  depends 
upon  decisions  which  t  ho  I  \\  lus  to  make,  based  on  tlioir  v  jews  ol 
the  overall  problem.  I  think  that  this  workshop  could  be  a  great 
help  in  this  regard,  part  ieularly  it  a  ke\  phrase  could  be  added 
to  Conference  Objective  No.  I,  (1  believe  we  had  lour  Con  Terence 
Objectives  given  in  the  program  that  we  received).  Objective  1, 
as  it’s  given  in  the  agenda,  is  to  "gain  ad\  ice  from  the  using 
community  as  to  the  emphasis  and  prioritv  of  the  program  and  to 
solicit  further  ideas  Tor  solving  the  wake  vortex  problems."  I 
would  tike  to  add  the  phrase  "and  for  implementing  the  solu 
tions."  In  other  words.  !  nmi  don't  think  that  it's  too  earlv  to 
think  about  what  must  be  done  to  implement  some  of  the  solut  ions 
that  appear  to  he  feasible  at  this  t  into. 

I'd  l  ike  to  close  these  remarks  b\  stat  ing  that  we  in  NASA  are 
prepared  to  cooperate  with  and  help  the  I  \\  and  the  indust  n  in 
carrying  out  programs  for  which  we  have  special  facilities  or 
expertise.  In  such  cases,  however,  because  of  the  demands  Tor  our 
in  house  manpower  from  a  variety  of  other  sources  and  dim 
emphasised  that  this  morning  we  would  have  to  be  com  inced  that 
the  request  to  help  is  something  that  is  needed  and  reasonable  for 
us  to  do.  I  am  not  prepared  t  o  talk  in  detail  about  what  we  think 
should  be  follow  on  for  the  implementation,  but  I  might  mention  as 
an  example  that  we  could  help  determine  criteria  for  acceptable  up 
sets  and  what  design  changes  are  needed  to  meet  these  criteria. 

Also,  some  of  the  work  that  we've  done  in  providing  a  data  base 
for  establishing  acceptable  upset  criteria  in  normal  operat  ions 
during  turbulent  air  might  be  useful  in  this  regard.  Or,  further 
down  the  road  we  could  provide  flight  test  support  for  determining 
certification  procedures  of  vortex  allocation  devices. 

So  I'll  conclude  bv  saving  that  1  hope  that  this  workshop  will 
provide  a  forum  for  a  review  of  what  lias  been  done  on  the  wake 
vortex  turbulence  problem  but  will  help  focus  on  a  rational  specific 
program  bv  which  some  of  the  current  proposed  solut ions  can  be 
tested  and  if  successful,  can  be  implemented  to  provide  decreased 
separation  distances. 

Thank  you. 


MR.  SI  If  Ml  : 


I  see  that  our  t  imo  is  just  about  up,  in  fact  , 
it's  exceeded  for  our  lunch.  What  I  would  like  you  to  do  since 
we've  not  half  a  day  tomorrow  to  work  this  out,  is  to  save  your 
questions  until  tomorrow,  unless  you've  not  an  urgent  question 
and  you  may  not  he  here  tomorrow.  He  sure  however  to  bring  them 
and  be  prepared  to  discuss  these  at  the  workshop  session. 

•  lorry  ? 

MR.  CIIAVklN:  Jetrx  t’havkin,  l  A  A .  1  have  one  question  that 

has  been  left  very  unclear  in  my  mind  and  1  think  everybody  needs 
t  he  answe r  to  it. 

doe  St  ickle,  you  saw  a  schedule  up  there  and  there  was  a  "4? 
flight  in  l''’''1  you  int  i mated  that  this  was  going  to  be  done. 

\re  the  resources  available  for  that  program  and  will  it  be  done, 
or  is  that  something  we're  iust  talking  about?  I’m  not  sure  any  of 
us  understood  whether  that  program  which  you  had  the  schedule  up 
there  for  is  going  to  be  done  or  not  done.  IVhat  does  NASA  sax 
about  that  particular  year  long  work  between  now  and  the  end  of 
this  fiscal  year  ' " p . 

MR.  STICkld  :  Jerry,  I'll  answer  that  because  we  do  have  the 
money  to  do  that  program  the  wax  that  doc  outlined  it.  He  are 
funded  to  do  that,  we  have  the  plans  to  do  it,  and  1  have  all  the 
confidence  that  we  and  Hoeing  can  get  together  on  a  price  to  allow 
us  to  do  it  within  the  funds  that  we  have. 

MR.  CHAV KIN:  that's  this  fiscal  year? 

MR.  STICkld':  Yes.  That's  this  fiscal  year's  money.  \nd  what 
M  is  talking  about  is  after  this  fiscal  year  we  drop  back  in  the 
funding  to  a  very  low  Rf,ll  effort. 

MR.  ACIIITOIT:  1  don't  plan  to  be  here  tomorrow  and  1  suspect 
that  there  are  probably  some  others  who  won't  be  here  either.  1 
find  that  the  comments  that  Mr.  ties  sow  made  are  really  rather 
alarming  and  I  would  hate  to  leave  without  hearing  some  kind  of 
a  response  from  the  TAA  or  anyone  else,  who  might  be  involved  in 
these  programs,  to  the  points  that  were  raised  by  him.  I  think  this 
group  ought  to  hear  from  the  IAA  and  others  as  to  why  this  situation 
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of  "beniyn  neylect"  is  beiny  permit  toil  to  continue  it  in  tint  there 
is  .1  p  r  eonen  t  from  the  1  \\  and  others  th.it  the  s  t  .1 1  emeu  t  s  m.uie  bv 
Mr.  i.es sow  are  in  fact  accurate  in  their  view.  So  1  would  surest  . 

I  would  hope,  that  I"  the  t  i me  we  come  hack  from  lunch,  someone 
ouylit  to  ho  able  to  or  should  make  a  statement  or  comment  on  the 
comments  of  Mr.  (lessor . 


Ihank  vou. 
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alleviation  problem.  Most  recent  h  at  the  past  two  \\S\  l\\ 
management  coordinating  committee  meetings  so  that  I  think  there 
is  vein  little  question  about  where  1  A  A  stands  on  the  need  tor 
the  continuation  ot  this  work.  I  think  the  question  that  is  per 
haps  important  to  this  workshop  is  whether  the  community,  all  of 
tis ,  can  identify'  additional  work  that  needs  to  be  done.  I  think 
it's  most  particularly  important  because  the  need  for  alleviation 
and  the  value  o l  alleviation  is  obvious.  I  think  it  is  made  more 
obvious  from  the  briefing  we  heard  this  morn i up ,  which  underlines 
over  and  over  again  that  the  process  ot  detect  ion  and  avoidance  can 
always  take  vou  only  part  wa\ .  \ow ,  there  was  no  major  discussion 
this  morning  about  the  safety  impact  and  route  operat  ional  impact 
of  wake  vort  ices  which  is  also  an  impact  .  also  onlv  reducible  by 
alleviation  techniques.  So  that  at  least  in  tin  mind,  and  1  think 
in  the  minds  of  all  the  I  \\  people  who  are  here,  there  is  just  no 
question  that  wake  vortex  alleviat  ion  is  a  subject  that  must  be 
attacked.  The  question,  1  think,  and  the  important  one,  is  whether 
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we  can  identify  collectively  additional  efforts  and  perhaps  equally 
important  whether  the  work  that  has  been  done  by  VASA,  which  in  my 
view  is  excellent  work,  is  enough  for  the  airplane  people  and  the 
carriers  now  to  say,  yes,  wo  understand  the  method  of  attack,  we'll 
take  it  from  here.  I  think  that's  really  the  question. 

MR.  STICK!. I':  fhank  you,  Sig.  I  think  that  wraps  it  up  pretty 
good.  I'll  talk  to  Hob  and  see  whether  he  wants  to  add  anything 
after  the  lunch  break. 
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MR,  HODGE:  I'd  like  to  introduce  Session  3  now,  which  las  the 
purpose  of  documenting  the  programs  and  activities  of  the  airframe 
manufacturers.  Are  there  any  other  spokesmen  who  would  like  to  le 
heard  during  this  time?  b'e  have  representatives  from  Boeing  and 
Lockheed.  If  there  are  any  other  representatives  who  would  like  to 
le  heard  during  this  time,  please  come  forward  and  we'll  give  you 
a  chance  to  make  your  statement. 

If  there  are  not,  I'd  like  to  proceed  to  introduce  Jerry 
I. undry  from  the  Boeing  Commercial  Airplane  Company.  Jerry  is 
Supervisor  of  Low  Speed  Aerodynamics  Research  and  he'll  make  a 
statement  on  behalf  of  Boeing. 

MR.  LU.MDRY:  Thank  you,  Ken. 

This  morning  1  would  like  to  give  you  some  background  mate¬ 
rial  from  the  viewpoint  of  an  air  frame  manufacturer.  This  is 
primarily  a  review  of  some  of  the  factors  that  make  good  com¬ 
petitive  airplanes  for  our  customers.  I'd  like  then  to  show  you 
something  on  the  Boeing  approach  to  the  wake  vortex  problem  and 
finally  consider  some  of  the  problems  that  we  still  face.  The 
view  on  the  right  here  shows  a  list  of  desirable  airplane  charac¬ 
teristics.  First  and  foremost  of  course  is  they  have  to  be  safe. 
Increasingly  important  is  the  second  factor  there,  they  also  need 
to  be  efficient,  particularly  with  respect  to  energy  consumption. 
That's  become  a  far  more  important  question  in  the  last  five 
years.  The  major  importance  to  our  customer  is  the  cost  of  the 
aircraft,  both  the  initial  price  that  they  paid  for  the  airplane 
and  the  cost  of  maintaining  and  operating  it.  And  another  factor 
here  is  that  airplanes  should  be  designed  for  long  service  life, 
so  that  the  initial  price  can  be  spread.  And  finally,  something 
that's  also  becoming  increasingly  important  with  our  understanding 
of  environmental  problems,  the  airplanes  that  we  produce  must  be 
compatible  with  the  environment,  both  from  the  noise  emission 
standpoint  anu  from  the  viewpoint  of  emissions  in  the  form  of 
pollutant  s . 

This  illustrates  I  think  a  summary  of  the  Boeing  approach  to 
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the  wake  vortex  area.  We  are  preparing  for  an  aerodynamic  allevi¬ 
ation.  Aerodynamic?  ot'  course  is  a  prime  concern  to  the  air 
frame  manufacturer  and  we're  doing  this  in  two  ways,  we're  follow¬ 
ing  NASA's  program  very  closely.  They've  been  very  active  at 
Ames  and  at  Dryden  and  Langley,  and  we've  kept  up  with  that  pro¬ 
gram  as  it  has  developed.  We've  also  done  some  work  to  develop 
in-house  technology.  This  is  a  small  scope  project  relative  to 
NASA's.  We've  concentrated  on  predictive  technology.  We'd  like 
to  he  able  to  provide  the  technology  to  an  airplane  designer  so 
that  he  can  make  estimates  on  the  wake  vortex  characteristics  ot 
new  aircraft  while  we're  in  preliminary  design.  And  this  is  a 
special  sort  of  requirement  that  we're  implementing  in  the  form  of 
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computer  software,  but  for  the  airplane  designer  to  use  it,  it  lias 
to  he  relatively  simple.  It  has  to  he  readily  usable  and  the  costs 
of  operation  have  to  be  small.  So  it  is  specialized  in  that  sense 
of  approximations. 

The  goal  of  that  effort  is  to  be  able  to  track  wake  vortex 
characteristics  of  new  configurations  as  they  develop  in  much  the 
same  way  as  we  track  characteristics  now,  such  as  airplane  noise. 

It  is  not  a  major  effort,  the  wake  vortex  characteristic  would  be 
another  configuration  parameter  to  be  checked. 

he ’ re  also  in  the  process  of  developing  some  in-house  testing 
capability.  Kith  respect  to  the  FAA  avoidance  programs,  we  don't 
see  that  having  the  same  impact,  the  same  level  of  impact  on  the 
manufacturer.  he  are  following  it  very  closely.  he  want  to 
remain  alert  to  the  possibility  that  the  FAA  will  have  some  impact 
in  the  future  on  their  airplane  designs.  Presumably  that  would 
occur  in  equipment. 

I'd  like  to  discuss  next  a  little  bit  of  the  chronology  of 
the  Boeing  vortex  effort.  Our  wake  vortex  work  extends  back  over 
ten  years.  The  early  work  concentrated  on  comparative  flight 
tests  between  the  "47  and  the  Boeing  707.  he  also  had  some  basic 
stability  work  done  by  Steve  Crow  and  also  some  experiemnts  re¬ 
lated  to  that.  That  sort  of  culminated  in  Boeing's  co-sponsor¬ 
ship  of  a  wake  vortex  symposium  in  Seattle  in  1970. 

The  next  line  down,  the  broken  line,  indicates  intermittent 
support  of  both  FAA  and  NASA  activities  that  continue  to  the  pre¬ 
sent.  h'e've  placed  ourselves  more  or  less  on  demand  to  those 
agencies  and  have  attempted  to  cooperate  with  them.  Starting  in 
about  1975  we  then  did  begin  our  development  of  predictive  efforts 
and  that  continues  to  the  present.  In  March  of  1977  you  saw  two 
papers  presented  here  in  this  room  on  that  subject.  The  next  to 
the  last  item  on  this  view  film  on  the  right  indicates  the  work 
we  did  under  contract  to  NASA  to  evaluate  the  practical  impact 
of  four  alleviation  concepts,  and  that  work  too  was  reported  here 
20  months  ago. 
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finally,  I  he*  last  part  of  this  chart  shows  that  we  are  work 
ing  to  develop  in  house  experimental  capability.  I'd  like  to  just 
show  you  briefly  a  couple  of  results  in  the  next  two  view  foils 
of  our  effort.  The  first  one  pretty  much  summarir.es  the  current 
state  ol  the  art  for  predictive  technology.  You  see  here  a  test 
theory  comparison.  We  made  theoretical  calculations  of  the  tan¬ 
gential  velocity  component  shown  on  the  left  side  of  this  figure, 
the  tangential  velocity  components  given  on  the  ordinate  as  a 
function  of  the  distance  from  the  center  of  the  vortex.  They  use 
basically  a  Ret:  approach  to  the  theoret  ical  model  and  as  you  can 
see  the  circles  representing  the  data  and  the  line  representing 
the  theory  are  in  good  agreement. 

On  the  right  side  we  have  a  figure  which  shows  the  maximum 
induced  rolling  moment  both  predicted  and  measured  for  a  small 
following  model,  as  a  function  ol  the  lift  coefficient  on  the 
wake  generating  airplane.  The  upper  part  of  the  figure  shows 
that  there  were  two  following  models,  a  small  rectangular  plat¬ 
form  and  a  small  swept  wing.  The  open  symbols  in  both  cases  indi¬ 
cates  test  data  and  the  solid  symbols  indicate  the  predicted 
levels.  So  this  gave  us  a  good  feeling  that  the  work  we'd  done 
to  this  point  was  giving  reasonable  predictions  of  the  test  data. 
This  work,  of  course,  is  restricted.  We've  chosen  the  convenient 
place  for  comparison,  namely  that  the  vortices  are  effectively 
rolled  up  at  this  point  so  there's  not  the  problem  of  taking 
measurements  in  the  roll  up  region.  Hut  we  are  also  at  such  a 
position  that  the  significant  decay  has  not  occurred.  So  neither 
of  those  two  parameters  are  well  modeled  in  the  work  that  was 
just  shown  here. 

Also,  this  shows  a  case  for  a  single  trailing  vortex  on  either 
side  of  the  plane  and  we  need  to  get  more  work  done  to  be  able  to 
model  the  multiple  vortex  case.  We've  already  made  mention  of 
the  effect  of  using  spoilers  on  the  "4?  airplane,  and  I'm  going 
to  repeat  some  results  here  that  were  presented  in  March  ol  1977 
and  also  show  two  results  for  two  of  the  new  spoiler  configura¬ 
tions  that  have  been  identified  by  1'el  ('room  at  l.anglev.  The 
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(  on  on  1 .1  n^l  i  up ,  H o 
ui'-t  simplx  know  lh.it  our  liiphoi  bod\  attitudes  .iru  iu'i  so  than 

U'lM'l  OIU'S  . 

1  ’  vo  shown  tipures  here  loi  lour  t  on  T  i  puru  t  i  on  ■• .  \t  the  to 

1  ovo  1  i  ■■  t  ho  ha  so  l  i  no  I  and  t  ho  I  i  r  s  t  ro  luinn  no\l  1  o  tliat  i  ■■ 

t  ho  estimated  l.oariot  sopa  ra  t  i  on  dtstunee  based  on  t  ho  work  that 
was  i  i  t  Oil  In  N\S\  in  tin1  rotoronoo  onon  on  1  liplit  I.  lho\  in 

il  i  v  at  oil  a  so  p  a  r  a  t  i  on  d  i  t  a  in  o  o  t  about  11  in  i  1  os  tot  that  pa  i  t  i  i  u  l 

rttoria  usoil  t  lu'io.  Iho  oarl'  spoiloi  oont  t  pui  n  t  i  ott .  Spoilers 
I  ami  '  ami  II  ami  1  '  (on  t  ho  otlioi  side  in  hoeiup  noinoin  laturol 
extended  Is  deprees,  out  that  rei|U  i  r  emeu  t  to  throe  initos.  How 
oioi  ,  it  i  no  roa  soil  appvoaeh  spooil  h\  knots,  assuming  that  the 
spotlors  romamoil  ovtomloil.  vot  inoroasoil  t  ho  hod\  totululown 
attitiiilo  about  a  dcproo  am!  a  halt  ami  i  no  roa  soil  appro.u  li  iioim' 
I"  '  ill'.  Iho  two  now  oont  i  (jura  t  i  oils  aro  in  t  ho  no\t  two  eoluiitns 
Spoilors  s  ami  I  ilotlootoil  onl\  I  ■>  deprees  rathor  than  Is  ami 
Spoilois  '  ami  1  extended  m'  doproos.  Now  I  put  down  tlioio  loi 
tho  separation  di-iuin  o  loss  than  s  mi  I  os,  Noithor  ot  those  ha\ 
t  liplit  tostod.  Ilioi  aro  sohoduloil  to  bo  I  liplit  tostod.  Ho  put 
down  loss  than  s  mi  I  os  simplv  on  tho  basis  that  in  tho  wind 
t  unno  1  thoso  lonl  ipurntiotts  had  lowor  indiuod  rotting  momont 
than  tho  Spoiloi  1  ami  '  oont  ipurat  ion.  both  ot  tluiso  oont  ipu 
rations  aro  impro'od  rolativo  to  tho  Spoiloi  1  and  .'  eontipura 
t  ion.  Non  i an  soo  that  tho  appro.u  h  spood  inoroasos  aro  smaller 
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to  the  noise  penalties  that  you  see  here.  This  is  an  overall 
study  that  was  done  to  show  the  effect  of  decreasing  approach 
noise  on  the  747  and  how  it  impacts  fuel  economy.  Sound  treatment 
doesn’t  come  for  free  and  we  do  pay  a  penalty  for  it  at  cruise. 
What  I've  shown  here  is  a  broad  hand.  There  have  been  numerous 
studies  of  sound  suppression  for  the  747  involving  different 
engines  and  different  configurations.  I  showed  the  band  so  that 
it  wouldn't  get  bogged  down  in  discussions  of  which  one  has  to 
he  more  important  than  another.  But  the  key  thing  here  is  to  meet 
TAR  Part  36,  we  are  now  paying  something  on  the  order  of  one  per¬ 
cent  fuel  penalty  in  cruise  and  we  pay  that  all  the  time,  of 
course.  If  you  remember,  from  the  previous  view  foil  we  showed 
noise  penalties  in  the  order  of  1  to  2  dB  in  approach.  I  wanted 
to  show  this  view  foil  to  indicate  to  you  that  if  we  choose  then 
to  recover  those  noise  penalties  by  treating  them  as  cells  and 
the  treatment,  of  course,  would  be  full-time,  we  couldn't  take 
it  out  during  cruise  configuration,  then  we  would  be  paying,  if 
you  look  at  the  middle  of  that  band,  roughly  another  half  a  per¬ 
cent  to  one  percent  to  recover  1  to  2  dB  on  approach  noise.  This, 
of  course,  is  counter  to  our  current  trends.  We're  trying  to  at 
least  maintain  or  reduce  noise  levels  rather  than  letting  them 
to  up. 

Finally,  I'd  like  to  indicate  some  challenges  to  consider 
here,  and  you'll  notice  I  changed  the  title  from  problems  to 
challenges  to  reflect  an  up-beat  attitude.  In  the  area  of  aero¬ 
dynamic  alleviation  we've  been  following  NASA's  program.  They’ve 
identified  five  concepts  which  is  quite  an  accomplishment  in 
itself.  A  few  years  ago  a  lot  of  people  were  saying  that  there 
was  nothing  that  could  be  done  about  wake  vortices.  So  NASA's 
program,  I  think,  has  to  be  considered  successful  from  that  point 
of  view. 

We  need  to  ask  the  question,  are  there  more  concepts.  Is 
there  something  that  we  overlooked?  And  I  think  we  also  need  to 
understand  these  concepts  better.  We  understand  in  terms  of 
measurements  of  induced  rolling  moment  and  so  forth  and  it  would 
be  nice  to  understand  a  little  more  about  the  physics  of  them. 
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t  think  tlu'  analvtical  work  that  is  not*  in  progress  has  a  good 
eh. me  e  i' l  ansh  or  inf  sunk'  ot  those  quest  ions. 

1'he  an  name  manufacturers ,  l  believe,  would  like  to  see 
better  predict  i\o  tochnologv,  aiul  I've  alroa.h  addressed  that. 

1  he  sort  ot  thing  that  wo  would  like  to  took  tor,  so  that  wo 
include  it  in  our  airplane  design  studies,  I  notice  also  that 
someone  has  a  l  so  men  t  ioned  saii't'  criteria  as  a  problem.  1  lie 
quest  ion  ot  induced  rolling  moment  as  a  sa ted  parameter  is  open 
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ken,  shou  til  1  attempt  to  take  questions  now  or  would  vou 
like  me  to  introduce  riivc? 

MU.  HO IHU  :  Why  don't  vou  see  it'  there  are  any. 

'IK.  I  UM’R't  :  t'kav.  \re  there  any  quick  questions,  keeping 
in  mind  the  tact  that  it's  1.2:30? 

les  . 
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MR.  HI. ART:  .'.'cal  Blake  again.  Von  heard  A1  Gessow  say  that 
as  far  as  he's  concerned  that  there's  a  need  for  further  basic 
research.  1  wonder  how  you  feel  about  it  and  whether  you  think 
that  there  is  adequate  technology  and  concepts  available  that 
would  allow  you  to  go  ahead,  for  example,  and  put  it  on  the  75", 

"b"  series;  and  if  not,  could  you  say  when  you  think  it  might  be 
practical  to  put  this  sort  of  thing  in  the  fleet? 

MR.  LU.NDRY:  Kell,  I  think  I  would  give  two  answers  to  that. 
The  first  is,  I  believe  that  NASA  has  demonstrated  that  we  can 
reduce  wake  vortex  turbulence  for  aircraft.  They  do  have  a  num¬ 
ber  of  workable  systems  and  1  think  the  second  part  of  that  is 
that  we're  probably  not  yet  prepared  to  pay  the  price  for  it. 

This  is  a  question,  of  course,  which  we  at  Boeing  do  not  decide; 
ultimately  our  customers  will  decide  that.  And  our  customers 
have  not  yet  come  to  use  demanding  wake  vortex  alleviation.  Our 
position  is  that  we're  attempting  to  prepare  ourselves  for  aero¬ 
dynamic  alleviation  in  which  we'll  be  most  closely  involved,  and 
we're  also  monitoring  the  FAA  program  so  that  if  it  docs  turn 
out  to  impact  equipment  in  our  aircraft,  we'll  be  prepared  to 
respond  to  that  need  as  well. 

Rut  with  respect  to  the  basic  research,  1  think  we  still 
would  like  to  have  a  better  understanding  of  some  of  the  details 
of  how  these  concepts  work.  I'm  not  quite  sure  about  how  we  go 
about  getting  that,  whether  it's  detailed  flow  measurements  or 
whether  it's  analytical  calculations;  it's  probably  a  combination 
of  both . 

MR.  BLAKF.:  I  think  interest  in  the  alleviation  is  very  high. 
The  detection  and  avoidance  schemes  on  the  ground,  of  course, 
do  not  work  in  all  weather  conditions,  calm,  windy.  They're 
gaining  practically  nothing.  And  so  our  interest,  1  think,  remains 
high  and  we're  looking  forward  to  the  workshop. 

MR.  KF.DAN:  Bob  Kedan,  FAA.  Just  to  emphasize  that  point. 

If  you  feel  that  the  demand  were  there,  that  customers  were 
requiring  these  devices  on  your  aircraft  and  you  were  not  in  a 
position  to  commit  actual  design  for  a  new  aircraft  or  a  retrofit, 


7 


presumably  you'll  bo  able  to  point  out  those  areas  where  addi¬ 
tional  work  needs  to  be  done,  partly  by  NASA  and  partly  by  the  1 AA 
in  terms  of,  for  example,  certification  procedures.  l'o  you  be¬ 
lieve  that  that  could  be  done  in  a  workshop  today  or  tomorrow? 

MR.  I. UNPRY:  Kell,  yes,  1  think  we’ll  identify  additional 
areas  for  both  the  NASA  and  the  1AA  to  do  work  and  in  fact,  I've 
attempted  to  show  some  of  those  that  we  consider  important  from 
Boeing's  point  of  view.  But  my  feeling  is  that  we  shouldn't 
stop.  he  should  still  explore  alternatives  while  we  still  have 
t  ime  t  o  do  i  t . 

MR.  IIOIH'.I:  Next  is  Clive  Whitmore  of  the  Lockheed -Ca  1  i  forn  i  a 
Company.  Clive  is  a  Croup  engineer  in  the  Aircraft  Performance 
Area  . 

MR.  WiUTMORL:  Cood  morning,  gentlemen.  I’ll  keep  it  short, 
and  we’ll  be  in  plenty  of  time  for  lunch  that  way. 

In  the  first  paper  this  morning  presented  by  Mr.  Sinha,  1  did 
have  one  question,  so  since  I'm  here  now  1  can  ask  it.  But  he 
talked  about  closing  up  the  separation  between  the  airplanes  on 
landing  and  takeoff  and  how  this  was  going  to  provide  additional 
passenger  capabilities.  But  after  my  experience  of  coming  to 
this  symposium  I've  got  a  couple  of  other  problems  and  1  don't 
know  whether  they  got  into  his  analysis  or  not.  And  that  one  is 
the  congestion  actually  in  the  air  terminals  themselves.  Hell, 

1  stood  in  line  half  an  hour  trying  to  get  a  ticket.  This  is  one 
of  the  problems.  And  the  second  one  1  see  is  getting  to  the  air¬ 
port  before  or  after  your  flight.  These  appear  to  be  the  con¬ 
straints  that  we're  faced  with  and  if  we  sought  out  our  airplane 
problems  or  our  wake  vortex  problems  are  we  going  to  step  into 
that  problem  right  away  and  was  that  taken  in  his  analysis.  1 
don’t  know. 

Let  me  get  on  and  talk  before  you  answer  and  make  my  short 
presentation  here.  As  we  at  Lockheed  see  it,  we  have  two  options 
right  now.  We  have  an  airborne  option  which  is  essentially 
encumbering  the  airplane  with  the  problem,  and  we  have  a  ground 
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based  option  which  I  hoped  1  would  have  heard  more  about  before 
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after  what  we've  seen  here  today,  could  easily  jump  in  there  and 
work  on  the  vortices  at  their  source.  Is  this  the  right  way  to 
go?  Should  we  try  to  track  the  vortices  and  stay  out  of  them  and 
adjust  our  separation  depending  whether  t he  vortices  are  staying 
over  the  runway  threshhold  where  they'll  cause  an  upset?  And  l 
feel,  as  far  as  we're  concerned,  this  is  our  big  dilemma.  Ho  we 
move  or  don't  we  move  and  are  we  moving  in  the  right  or  the  wrong 
d i rcc t  ion? 

Now,  what  are  we  at  Lockheed  doing.  Kell,  as  you've  heard 
we've  loaned  Pel  f room  our  low  speed  wind  tunnel  models.  Ke've 
made  a  couple  of  tests  at  NASA  Langley  and  1  believe  he's  had 
good  success  with  these  and  managed  to  show  that  using  the  spoiler 
you  can  sign i f icant lv  suppress  the  wake  vortices.  Ke've  done  some 
flight  tests,  being  based  upon  Pel,  it's  very  convenient  to  test 
with  people  from  Prvden  and  we  have  done  flight  tests  as  you've 
already  seen.  So  1  think  we're  convinced  that  using  some  combina¬ 
tion  of  spoilers,  and  we  may  not  have  yet  reached  the  optimum  one, 
that  we  can  suppress  wake  vortices  to  some  extent. 

And  let  me  just  briefly  say,  because  1  was  a  little  concerned 
people  sav :  Oh,  yes.  You  iust  stick  spoilers  up  there  and  every¬ 
thing  in  the  garden  is  lovely.  Let  me  briefly  mention  what  some 
of  the  design  requirements  for  a  wake  vortex  suppression  system 
would  have  to  be.  And  I  think  here  we  run  into  some  unanswered 
questions.  It's  just  not  a  simple  system.  It's  going  to  be  a 
smart  system  because,  and  we  get  back  to  it,  if  we  do  a  go-around 
those  speed  brakes  have  got  to  be  retracted  right  then.  Secondly, 
if  these  speed  brakes  are  up  and  we  run  into  a  wind  shear  or  stall 
approach,  we  have  to  get  those  speed  brakes  down  to  maintain  our 
stall  margin.  \nd  this  is  going  to  take  intelligence  to  operate 
those  speed  brakes.  The  l:AA  is  not  going  to  accept  in  our  certi¬ 
fication  requirements  that  the  pilot  be  responsible  for  some 


action  in  a  wind  shear  situation.  It's  got  to  he  automatic.  Now, 
we  happen  to  have  sensors  that  do  exactly  this  on  the  DLC  system 
on  the  I.-1011.  That  stick  shaker  we  have  inherent  in  the  angle 
of  attack  vane  to  the  DLC  system  and  the  DLC  spoilers  are  socked 
down,  not  a  stall  approach.  Similarly  on  a  go-around.  So  it's 
within  the  state  of  the  art.  But  unfortunately  we  picked  on  a 
couple  ol  other  spoilers  that  we  haven't  got  this  system  hooked 
up  to  now,  so  there's  going  to  be  expenses  here.  We've  got  to 
have  a  smart  system.  We've  got  to  develop  new  service  and  I  don't 
know  what  the  other  bits  and  pieces  are  that  wre '  1 1  get  involved  in 
he  re . 

Let  me  talk  about  some  of  the  other  problems,!  mean,  those 
can  be  solved,  all  it  takes  is  money.  Let's  talk  about  some  of 
the  other  problems  with  using  speed  brakes  to  suppress  the  vor¬ 
tices.  We  touched  on  the  drag  and  how  this  goes  over  into  the  noise 
problem.  We're  talking  drag  increases  of  maybe  10  percent,  maybe 
20  percent.  And  as  Jerry  Lundry  showed,  we're  talking  a  couple 
of  d B ' s  increase  in  noise  on  the  approach.  The  second  item  is 
if  we  continue  to  fly  our  current  V  reference,  we're  going  to  be 
increasing  the  aeroplane  pitch  attitude.  We  increase  the  aero¬ 
plane  pitch  attitude,  and  we  start  losing  landing  lights  on  the 
approach.  You  come  in  and  you're  going  to  sec  less  landing  lights 
and  you're  going  to  have  to  do  something  about  that  problem.  Your 
decision  height  is  going  to  be  changed.  Now,  if  you're  doing  Cat 
3,  you're  in  good  shape,  you  can  just  do  an  autoland. 

That  brings  us  to  the  next  point.  We  will  have  to  change 
gains  in  the  autoland  system  because  we've  changed  the  aeroplane 
configuration.  I  don't  know  how  big  or  small  these  changes  arc. 
Maybe  they're  insignificant,  maybe  they're  not.  I  don't  know. 

We  haven't  done  our  homework  there.  The  alternative  to  getting 
around  the  inability  to  sec  the  landing  lights  on  final  approach 
is  of  course  to  increase  approach  speed  so  you  get  back  to  the 
original  attitude.  Here  again  you're  talking  about  getting  back 
into  the  autoland  systems  and  having  to  change  gains  to  accomodate 
the  new  speed  in  a  slightly  modified  aeroplane  characteristic. 


3-20 


Next  point  is  that  all  these  spoilers  that  we’re  talking 
about  using  for  vortex  wake  suppression  are  used  for  lateral  con¬ 
trol.  I  very  spoiler  you  have  on  a  current  jet  is  used  for  lateral 
control.  Is  the  use  of  these  spoilers  i sometr ica 1 1 y  for  lateral 
control  going  to  degrade  their  ability  to  suppress  a  vortex  wake? 

I  don't  know.  It's  something  we  haven’t  resolved,  but  maybe 
you're  going  to  have  to  put  them  up  higher  so  that  for  instance 
if  we  talk  about  the  ~4~  case  where  15  was  the  optimum,  maybe 
you've  got  to  get  them  higher  to  say,  50,  so  that  on  some  probabi¬ 
listic  approach  she  won't  get  them  much  below  15  on  a  normal 
stabilized  approach  that  I  believe  goes  with  vortices  sitting  over 
the  ends  of  the  runway. 

And  then,  finally,  we  come  down  to  1  think  one  of  the  hardest 
problems  here,  the  go-around.  And  1  talked  on  it  before.  You 
miss  your  approach,  you  hit  the  throttles,  you  go  around,  you 
sock  your  speed  brakes  in  and  you  dump  a  bloody  great  big  vortex 
right  there  at  the  threshold.  Hoes  everybody  between  LAX  and 
Chicago  go  around,  too?  How  do  we  sort  that  problem  out?  There's 
going  to  be  a  big  vortex  sitting  there.  lie  don't  know  where  it 
is.  Is  the  man  behind  going  to  have  to  go  around?  Are  the  two 
men  behind  going  to  have  to  go  around?  So  these  are  some  of  the 
prob  1  ems . 

The  next  point  here,  and  1  think  it  touches  the  last  ques¬ 
tion  we  had.  I  think  most  of  the  big  aeroplanes,  the  1011's,  the 
" 4 ~ ' s  and  so  on,  are  going  to  be  around  for  the  next  20  years  or 
so.  And  so  we're  talking  essentially  a  retrofit  program  to  take 
care  of  their  wake  vortices.  It  can  be  incorporated  into  the 
late  production  aeroplanes  or  whatever.  So  we  need  to  know  a 
little  bit  more  about  the  system  to  price  it.  I  think  we  had  a 
figure  like  $0.4  million  or  something  per  aeroplane.  I  don’t 
know  whether  the  $0.4  million  will  cover  the  manufacturer's  cost 
of  incorporating  the  sensors  and  the  new  speed  brake  servos  and 
the  modified  systems,  because  I  think  it  may  well  be  filled  by 
spoilers  required  to  get  wake  vortex  suppression.  So  it  could 
be  a  major  modification  to  the  aeroplane  to  achieve  our  goals 
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here.  \nd  1  don '  t  know  whether  the  price  is  right.  It's  iust 
an  exercise  that  has  to  be  done. 

bo  all  airports  need  this'.’  1  think  this  is  a  very  critical 
decision.  We  talked  about  the  top  20  and  it  looked  like  the  top 
15  would  probably  have  done  a  very  nice  job  on  increasing  the 
number  of  passengers.  If  you're  only  doing  it  on  15  airports, 
should  you  modify  all  the  aeroplanes  or  not'.’  \nd  that  almost 
brings  me  back  to  where  1  started.  What  is  the  tradeoff  between 
the  ground  based  monitoring  system  and  putting  the  load  on  the 
airplane  manufacturer  and  the  airplane?  And  this  is  again  a 
question  that  1  think  is  still  open  in  my  mind. 

Now,  in  conclusion,  I'm  very  disappointed  to  see  t ha t  more 
of  our  customers  aren't  here.  1  think  there  are  some  people  from 
1  astern  and  1  saw  somebody  from  United  registered.  These  are  the 
people  really  who  are  going  to  call  the  shots.  It's  going  to  be 
the  airline  vice  president  calling  the  manufacturer ' s  vice  pre 
sident  and  saying,  you  know,  it’s  costing  us  this  much,  this  wake 
vortex  problem,  let's  get  with  it.  And  then  that  will  come  down 
through  the  organization  and  at  my  level  we  will  get  with  it. 
but  at  the  present  time  we  don't  seem  to  have  this  commitment  by 
the  airlines  that  it  is  a  big  cost  saver.  I.et  me  iust  cite  you 
an  example  here  of  how  the  airlines  will  respond  it  you  can  show 
them  a  benefit.  Some  while  ago  we  went  back  and  talked  to  them 
about  flight  management  systems,  how  they  were  flying  too  fast, 
burning  too  much  fuel.  Of  course  t lie  flight  people  at  the  air¬ 
lines,  my  apologies  to  the  airlines  here  ,  say  nonsense.  Our 
pilots  are  supermen.  They  hold  that  mark  number  right  on.  We 
don't  mess  about.  So  after  a  little  discussion  we  got  some  flight 
recorder  tapes  and  looked  at  where  the  airlines  were  flying.  Were 
they  flying  too  fast,  too  slow,  the  right  altitude,  the  wrong 
altitude?  We  analyzed  these,  showed  the  airlines  the  potential 
for  fuel  saving.  We've  got  customers  for  flight  management 
systems.  We  could  show  a  tangible  benefit  that  they  could  pay  off 
a  flight  management  system  with  fuel  savings.  Now,  right  now  I 
don't  think  the  airlines  have  an  incentive  at  the  present  time. 

Ke  saw  a  huge  number  there.  But  how  do  they  quantify  that.  1 


don't  know.  And  I  think  when  the  airlines  get  behind  this,  give 
us  a  big  push,  I'm  sure  that  we,  the  air  frame  manufacturers,  even 
possibly  the  makers  of  laser  veloc imet ers  or  whatever  it  may  be 
that  measures  these  wake  vortices  will  get  behind  the  program  and 
we'll  be  off  and  running. 

MR.  HOnC.  1  :  Any  questions  for  Clive? 

PR.  70MBAC1I  :  I'm  Ivar  Tombach.  1  was  interested  that  both 
you  and  deny  I. undrv  commented  that  the  airlines  were  the  ones 
who  were  going  to  determine  whether  vortex  alleviation  was  going 
to  be  applied  to  aircraft.  I  suspect  that  economics  are  such 
that  an  airline  would  not  have  any  particular  incentive  for  doing 
so  alone,  ahead  of  other  airlines,  because  by  doing  so  his  airplanes 
would  cost  more  and  put  hint  at  an  economic  disadvantage  as  compared 
to  his  competition.  And  1  can  suspect  that  there's  a  parallel 
here  with  other  regulatory  arrangements  such  as  in  air  pollution, 
that  although  everyone  would  like  to  see  it  done,  no  one  is  going 
to  make  the  first  move  unless  the  government  forces  the  hand  of 
the  players.  1  wonder  if  you  agree  with  that. 

MR.  KHITMORP:  1  think  it's  even  worse  than  that.  Say  Air¬ 

line  A  puts  a  vortex  alleviat  ion  system  on  bis  airplane,  he  gets 
absolutely  no  benefit.  It's  Airline  R  that  comes  along  behind 
him  that  reaps  all  the  benefits. 

MR.  CROOM:  There's  an  old  proverb,  something  to  the  effect 
that  the  indian  says  you  don't  pollute  the  stream  it  you're  going 
to  drink  the  water.  United  I  lies  behind  United;  American  t  lies 
behind  American. 

MR.  IVIIITMORI.:  I  agree  there.  But  it  is  a  consideration  that 
1  think  the  airlines  might  --  1  got  my  shot  in,  Mr.  Sinha,  maybe 
you  can  get  one  back  at  me  here. 

PR.  SINHA:  Again  Sinha,  Mitre  Corporation.  I'd  like  to 
attempt  to  answer  some  of  the  questions  that  you  raised  in  the 
beginning  of  your  speech.  The  analysis  that  we  presented  is  the 
first  shot  at  getting  at  a  global  picture  of  the  benefits  of 
reduced  separations  and  consequently  it  definitely  does  not  get 


into  some  ot  the  details  that  von  mentioned  earlier.  However, 
there  are  wavs  ot  setting  at  the  same  kinds  ot  estimates.  One  is 
l'\  looking  at  the  results  under  demands,  which  was  not  presented 
here,  hut  i s  a  part  of  the  analysis  and  will  he  presented  in  the 
documen  t  a  t  i  on .  I'ho  other  war  of  looking  at  it  is  t  o  reduce  the 
percentage  effectiveness  of  the  .  5  naut  i  ca  1  -  m  i  1  e  standards, 

lhat  is,  in  effect ,  get t  i ng  you  less  planes  on  the  ground  if  you 
can’t  handle  it  on  the  ground  side.  \nd  the  third  point  in  that 
regard  i s  that  the  specific  task  forces  with  the  1  \\  and  the 
industrial  participants  that  are  going  on  at  individual  airports 
are  looking  at  the  total  picture  in  terms  ot  air  traffic  conges 
t  ions  in  the  air  and  on  the  ground.  So  the  results  that  are 
coming  out  of  that  sttnlv  tor  each  airport  is  a  hotter  assessment 
and  it  still  tails  within  the  same  hall  park  that  we  presented 
this  morn  i  ng, . 

1  would  like  to  reiterate  one  of  the  comments  vou  made  about 
the  0.1  million  figures  and  its  app 1 i cn t  i  ons .  Die  basic  point  ot 
including  that  in  our  analysis  was  to  reflect  that  it  is  results 
i' t  anal\ sis  like  these  that  should  provide  the  guidelines,  once 
von  define  what  the  problems  are  or  what  the  solutions  are.  Once 
\ou  dot  ine  the  cost  ot  a  spline  or  spoilers  or  what  have  vou,  then 
vou  can  do  a  sort  of  cost  bene  I  it  analvsis  that  will  provide  the 
mot  ivia ting  factor  for  going  ahead  with  it  or  not. 

'IK.  IVI  111  MORI:  I  agree  u  i  t  h  all  you've  said.  1  was  lust 

tiring  to  start  a  little  discussion.  1  think  there  was  one  more 
quest  ion  back  here  somewhere. 

MR.  rORlTZKY:  One  ot  the  points  is  cl earlr  that  the  airport 
access  and  terminal  congestion  are  problems.  fliey  ’  re  real  I  v 
separable  problems.  It’s  different  when  you  look  at  the  points 
that  I  was  making  earlier.  lie  also  has  seen  clearly  what  vou'vo 
seen  and  what  we've  seen,  that  the  carriers  up  to  now  have  not 
made  strong  representations  to  vou,  to  booing,  to  the  others,  to 
get  on  with  it.  Now,  it's  easy  to  talk  about  the  wake  vortex 
avoidance  alleviation  problem  and  we  are  doing  what  we  know  how 
to  do  in  that  area.  Vou  will  argue  not  fast  enough  and  that's 


fair  enough.  But  what  can  be  done  there  is  limited  and  we  have 
a  pretty  good  idea  what  those  limits  are.  I  think  the  crucial 
point,  and  1  hope  we'll  hear  I'rank  Brady  when  he  speaks  tomorrow 
give  us  a  better  feeling  as  to  what  the  carrier  is  really  thinking. 
It's  really  easier  to  beat  on  T.AA  to  do  something  about  the  ground 
problem,  which  they  know  and  we  know  deals  with  only  AO,  10  per 
cent  of  the  problem.  \nd  to  leave  in  limbo  what  you  do  in  the 
airplane.  1  want  to  touch  one  point  that  hasn't  been  made  which 
is  also  important.  1  touched  on  the  safety  question  earlier, 
particularly  (TA  safety  as  congestion  rises.  It  may  not  be  known 
to  everybody  here  that  the  terminal  area  separations,  not  approach 
and  landing,  but  the  terminal  area  separations  are  higher  now  than 
they  were  before  the  wake  vortex  problem  was  recognized.  That 
also  is  a  capacity  constraint  and  when  you  start  looking  at  general 
aviation  growth  and  air  carrier  growth  and  increasing  concentra¬ 
tion  on  a  few  hubs  and  at  new  airports,  and  we  don't  know  how  to 
make  more  airports,  the  congestion  will  rise  and  my  guess  is  that 
the  safety  difficulty  will  also  rise  with  congestion.  And  no  way 
will  a  wake  vortex  ground  avoidance  or  detection  system  do  a  damn 
thing  for  that  problem. 

MR.  HOIK!  I!:  All  right,  Sig.  Thank  you  very  much.  Thank  you 
dor  r  y  a  ml  til  i  vc . 

Now,  unless  Jerry  f.havkin  has  any  final  comments  here,  we’ll 
take  a  lunch  break  and  we'll  see  you  back  here  at  ’  o'clock. 


MR.  K1 PAX : 


The  last  topic  before  lunch  was  about  the  FAA '  s 
interest  in  NASA's  program.  A  comment  was  made  that  we  have  until 
after  lunch  to  think  through  an  answer  for  that.  1  believe  the 
answer  was  given  by  Sig  Poritzkv.  So  unless  --  1  don't  see  Lou 
here  --  he  wants  to  restate  the  question,  we  can  move  on.  But 
I  think  it’s  worth  reemphasising  that  the  FAA  indeed  is  interested 
in  the  NASA's  program.  It's  been  so  indicated  in  a  letter  from 
Dr.  Mcl.ukas,  recent  coordination  meetings  have  reemphasized  it 
and  participation  by  the  DOT  side  of  the  house  and  the  programs 
have  been  undertaken  by  NASA.  So  there  is  no  question  about  that 
level  of  interest. 

Let  me  state  it  from  a  different  point  of  view  and  that  is 
that  although  the  FAA  and  NASA  have  taken  two  separate  approaches 
to  the  problem,  NASA  has  indicated  this  morning  that  it's  been 
looking  at  techniques  for  alleviation  or  minimizing  the  hazard 
at  its  source.  The  FAA  is  concerned  about,  given  that  there  is 
a  hazard  there,  how  do  we  live  with  the  hazard  in  whatever  state 
that  hazard  is  in.  So  it's  been  a  coordinated  effort  and  1  think 
it's  our  belief,  Sig  mentioned  it  earlier,  1  would  like  to  reempha¬ 
size  it,  that  the  approach  that  the  FAA  is  taking  on  this  will  not 
lie  the  complete  solution  to  the  problem.  h'c  will  hear  about  the 
capabilities  of  the  system  which  has  been  developed  to  date.  he 
can  speculate  about  improvements  to  the  system  but  I  don't  be¬ 
lieve  that  any  of  us  believe  that  the  approach  that  we're  taking 
in  terms  of  an  advisory  system  will  be  the  solution  to  the  pro¬ 
blem.  I  think  in  the  end,  to  achieve  the  kinds  of  benefits  that 
were  indicated  earlier  this  morning  by  Jerry  Chavkin,  we're  going 
to  have  to  approach  the  problem  from  both  points  of  view. 


Okay.  By  way  of  introducing  the  second  half,  namely  the 
DOT  efforts  on  this  program  I'd  just  like  to  state  that  the  FAA 
and  TSC  certainly  have  been  working  the  problem  for  many  years. 

My  own  personal  initial  involvement  goes  back  to  1970  so  that 
represents  the  seven  to  eight -year  effort.  Much  of  this  effort  has 
been  to  develop  an  understanding  of  the  behavior  of  vortices  and 
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landing  problem.  That  isn't  the  total  problem  but  certainly  it’s 
the  one  that  we  felt  was  worth  investigating  early.  So  a  lot  of 
time  and  effort  was  put  into  collecting  data  on  the  behavior  of 
vortices  and  ground  effect,  and  modeling  tins  behavior,  such  that 
techniques  could  he  developed  for  predicting  the  future  behavior 
based  on  present  measurements.  And  that  would  be  of  some  help 
in  assisting  controllers  and  spacing  aircraft. 

The  idea  behind  this  is  to  find  the  boundary  of  safety  and 
to  look  for  a  means  of  operating  aircraft  to  maximize  capacity, 
in  other  words,  close  up  longitudinal  separations  as  much  as 
possible  without  compromising  safety.  Now,  the  first  product  of 
this  effort  is  called  the  vortex  advisory  system,  the  YAS.  You'll 
hear  about  the  status  of  VAS  now.  It's  an  operational  evaluation 
at  Chicago  O'Hare.  And  briefly,  this  is  a  two-state  system.  It's 
a  system  that  will  tell  you  when  you  have  to  use  the  3,  4,  3,  0 
spacing  rules  and  when  under  other  conditions,  namely  based  on 
wind  measurements,  one  can  shorten  up  the  spacing  to  a  tighter 
spacing.  So  that  is  the  first  product. 

The  next  question  that  we're  faced  with  and  it's  one  that 
we'll  want  to  address  more  thoroughly  in  the  workshop  is  the 
enhancement  of  the  system.  From  time  to  time  we  use  the  term  WAS, 
which  stands  for  Wake  Vortex  Avoidance  System.  It's  an  improve¬ 
ment.  Basically,  it  takes  more  information  for  the  decision¬ 
making  system  that  will  provide  hopefully  even  further  performance 
improvement  in  terms  of  reducing  spacing.  So  we'll  hear  a  little 
bit  about  that. 

Now,  the  questions  that  we  have  with  respect  to  the  workshops 
this  afternoon.  I'll  make  a  few  more  comments  later  on  because 
as  we  step  forward  we've  got  real  questions  on  how  best  to  step 
forward  from  this  point. 

I'd  like  to  introduce  now  the  Chairman  of  this  session,  Guico 
Tinsley.  Col.  Tinsley  has  been  leading  this  effort  on  the  RSD 
side  of  the  FAA  for  several  years  now  and  he  will  be  leading  the 
discussions  and  the  papers  that  involve  some  of  the  chief  parti¬ 
cipants,  the  chief  contributors  to  the  program  on  the  POT  side. 
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till  ICO  . 

C01..  T  1NSI.I  V :  W  oil,  welcome  back  and  it  looks  like  wo  didn't 
lose  too  mam  over  tho  lunch  period.  1  assure  you  we  won't  miss 
the  1  o'clock  break  and  we  will  be  in  time  for  the  cocktail  hour. 

Now,  the  objectives  of  this  conference  were  four.  We've 
taken  a  look  at  the  payoffs  and  I  think  it's  impressive.  The 
amount  of  dollars  that  could  possibly  be  saved.  We're  looking 
now  at  the  current  efforts.  We've  taken  a  look  at  what  NASA 
has  been  doing.  We're  going  to  go  through  a  couple  of  hours  here 
of  looking  at  what  the  1AA  and  ISC  have  been  doing.  Then  you're 
going  into  the  session  on  the  operational  aspects  on  which  there 
has  been  a  great  deal  ot  effort.  finally  what  we  are  looking  tor 
is  the  feedback  on  the  priorities.  We  do  have  active  programs, 
we  do  make  decisions  daily  and  modify  our  programs,  but  we  do 
need  your  thoughts  and  we're  very  interested  in  what  you  have 
to  say  about  what  we're  doing  or  what  we  might  do. 

In  our  fiscal  year  '7P  activity  are  these  major  tasks.  Now, 
these  are  not  our  priority  listing  of  tasks  but  they  are  the 
things  that  we  presently  have  funded  and  we  intend  to  pursue, 
first,  we're  very  interested  in  the  operational  evaluation  of  the 
WAS  system  in  Chicago.  We're  interested  in  pursuing  WAS  enhance¬ 
ment  and  you're  going  to  hear  a  little  bit  about  that  shortly. 

We  are  and  will  support  NASA  in  their  flight  tests  that  arc  going 
to  occur  early  in  the  year.  We  take  our  CW  van  out  to  the  test 
site,  we  collect  a  good  bit  of  da t a  and  then  do  extensive  data 
analysis.  The  vortex  predictive  modeling  is  one  of  the  few  things 
where  we're  doing  looking  ahead  to  an  active  tracker  system.  In 
our  departure  vortex  effort,  gaining  additional  data  on  how  vor¬ 
tices  act  in  a  departure  situation  to  see  if  we  can  develop  the 
same  kind  of  thing  for  the  approach  that  we  had  with  WAS. 

And  then,  finally,  we're  looking  at  what  the  WYAS  requirements 
are.  I  think  it's  important  to  point  out  in  the  current  activi 
ties,  we  are  not  working  on  developing  an  active  tracker  of  any 
type.  We  are  not  working  on  sensors.  The  present  priority,  and 


bv  priority  I  me;iii  this  is  whore  wo  expend  our  resources,  t  h  i  s 
is  where  our  people  work,  this  is  where  our  money  goes,  hirst 
and  more  importantly  we're  trying  to  get  Chicago  operational  and 
satisfy  everybody  that  we  do  have  an  operationally  viable  system. 
Then  we're  going  into  our  departure  vortex  study  and  I  do  not 
mean  that  we're  not  very  interested  in  vortex  alleviation,  but 
the  truth  of  the  matter  is  this  is  the  priority,  the  top  three 
and  the  fourth.  We  are  doing  very  little  work  towards  a  vortex 
alleviation  system.  But  these  are  the  four  things  that  we  look 
at  as  our  primal)  priorities. 

fo  begin  Session  1  we're  going  to  take  two  hours  here  to  go 
through  what  we  have  done  and  what  we  are  doing  and  where  we  feel 

we  arc  in  the  vortex  business.  first  we're  going  to  have  a  vortex 
behavioral  research  talk  by  Dr.  dim  Hal  lock. 

d i m ,  i f  y  ou  wou Id,  p  1  ea  s  e  . 

PR.  HAll.Ot'K:  Greetings.  I'm  going  to  be  talking  about  vortex 
behavior  research.  Ibis  is  a  subject  that  we  have  been  working 
on  for  some  time  here  at  TSG.  But  what  l  really  want  to  cover  in 
this  25  or  50  minutes  is  a  little  background  of  what  led  us  to  the 
vortex  advisor)-  system,  VAS, which  we'll  hear  a  lot  about  this 
afternoon.  Then,  my  next  two  subjects  have  to  do  with  data  from 
two  sensing  systems;  the  results  haven't  been  reported  as  yet,  but 
some  ol  the  results  are  so  exciting  1  want  to  spend  more  time  on 
what's  coming  up  in  the  future  than  on  what's  gone  on  in  the  past. 

The  first  sensor  system  that  we're  talking  about  is  called 
the  ground  wind  vortex  sensing  system.  This  is  an  array  of  pro¬ 
peller  anemometers  that  have  been  used  at  many  places.  They  are 
an  array  of  anemometers  placed  approximately  15  meters  apart  and 
are  used  to  determine  how  vortices  are  moving.  We  think  we  might 
be  able  to  go  so  far  as  to  get  some  information  about  vortex 
strength,  but  primarily  we've  used  the  anemometers  to  learn  how 
the  vortices  move,  ami  when  they  get  out  of  the  way  so  that  a 
following  aircraft  could  come  in.  Well,  as  you  can  see  from  the 
slide  that’s  closest  to  me,  we  used  these  anemometer  arrays  at 


•I  -  b 


.Uk,  ;i t  London's  Heathrow  Airport,  Denver,  and  Chicago.  We've 
looked  at  in  excess  of  50,000  aircraft  landings.  So,  we've 
looked  at  100,000  vortices.  V.e've  also,  at  Toronto,  looked  at 
in  excess  of  5,000  takeotts. 

The  monostatic  acoustic  vortex  system  has  been  used,  as  you 
can  see,  at  four  different  locations,  and  we've  looked  at  more 
than  15,00(1  landings  and  obtained  very  interesting  data  on  the 
decay  of  vortices.  We’ve  also  looked  at  some  2,000  takeoffs  at 
T  o r on  t  o . 

\nd  thirdly,  we've  used  a  laser  Doppler  veloc  imeter ,  the  van 
which  you  may  have  seen  out  in  our  courtyard,  to  monitor  wake 
vortices.  Some  laser  measurements  were  done  in  the  past  by  NASA 
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Marshall  aiul  I"  Lockheed  t'orporat  ion  under  contract  to  1ST.  We 
are  in  the  process  of  evaluating  now  some  5,000  lainlin.es  recorded 
at  Chicago  O'Hare. 

first  of  all,  1  want  to  talk  about  the  ground  wind  data.  \ 
lot  of  this  is  a  review  from  what  was  discussed  at  t  lie  conference 
a  year  and  a  halt  ago,  but  it  does  set  the  stage  for  what  we're 
going  to  hear  for  the  rest  of  this  session. 

When  we  evaluated  the  data,  one  of  the  primal',  things  that 
was  looked  at  is  how  do  vortices  move  and  decay.  1  he  main  thing 
we  were  interested  in  at  that  time  was  a  chart  like  this,  we 
were  interested  in  the  probability  of  vortices  staving  around  to 
poss  ibis'  cause  a  problem.  Now,  remember,  we  have  no  measure  ol 
strength  here  ■  all  we're  saying  is  that  there  is  a  vortex.  Is 
there  some  coherent  flow  that  might  cause  a  problem'.'  Kell,  we 
found  that  the  data  looked  as  shown.  Vo  interpret  it.  for  example, 
look  at  00  seconds  and  move  up  on  the  curve  and  find  a  cumulative 
probabilitv  of  In  percent.  kh.it  that  means  is.  after  a  minute 
only  In  percent  of  these  vortices  are  around.  Once  again,  how 
strong  is  it?  Who  knows?  We  don't  know.  \11  we  knew  is  that 
it  was  a  coherent  flow  and  we  could  distinguish  it  from  the  back 
ground  wind. 

When  you  get  out  around  80  seconds  or  more  we're  only  talking 
about  some  1  percent  of  the  cases.  Light v  seconds  is  a  kev  number 
because  that  maps  into, at  135  knots  approach  speed,  3  nautical 
miles.  We  ask,  what  do  we  know  about  those  cases  that  have  lasted 
the  equivalent  of  5  nautical  miles?  What  we  did,  and  this  graph 
bv  the  way  shows  London  Heathrow  data,  is  plot  all  the  data  points 
where  we  found  something  that  lasted  for  80  seconds  or  more.  Ke 
got  a  scattering  of  points  which  are  enclosed  hv  an  ellipse.  If 
1  plotted  all  the  data  that  we  collected  at  all  the  other  sites, 
over  20  thousand  at  Chicago,  etc.,  wo  find  that  all  of  them  fall 
within  this  ellipse.  That's  the  key.  The  different  symbols  hero 
are:  the  open  circles  were  vortices  that  lasted  between  80  and 
00  seconds,  and  the  dark  circles  were  vertices  lasting  more  than 
00  seconds.  So  this  gave  us  an  idea  that,  if  this  ellipse  is  use 
ful,  maybe  we  can  get  something  which  will  permit  decreasing 


separations  at  airports  for  landings  --  that's  what  led  us  to  the 
whole  concept  ot'  VAS  and  that  will  be  the  subject  of  the  following 
talks. 

One  comment,  just  because  the  wind  is  inside  the  ellipse 
does  not  necessarily  mean  that  you're  going  to  have  a  vortex  stay 
around  for  a  long  time.  Quite  often  when  you  have  the  winds 
inside  the  ellipse,  we're  unnecessarily  saying  that  you  should 
stay  with  3,  4,  5  and  b  nautical  miles  under  UR  conditions.  So, 
what  we're  also  interested  in  is  what  we  call  VAS  enhancement. 

Are  there  other  measurements  that  we  could  do  to  make  this  ellipse 
disappear  or  shrink?  There  are  some  things.  Things  like  atmo¬ 
spheric  stability  which  you'll  hear  about  later.  Atmospheric 
turbulence  also  causes  this  ellipse  to  shrink  to  zero  under  con¬ 
ditions  other  than  just  measuring  the  wind. 

Other  types  of  things  that  we  are  still  looking  at  in  terms 
of  the  anemometer  data  is  how  far  these  vortices  move.  Obviously 
a  very  important  question,  llow  far  apart  do  parallel  runways 
have  to  be?  Some  of  the  measurements  that  we  did  at  Jl'K  concerns 
anemometer  lines  that  stretched  almost  a  mile  in  length.  We're 
in  the  process  of  looking  at  this  data  to  find  out  how  far, 
indeed,  do  vortices  travel. 

Now,  moving  into  the  next  subject  of  this  talk  which  happens 
to  be  the  monostatic  acoustic  vortex  sensing  system.  Very  briefly 
(and  1  say  briefly  because  Bill  hood,  towards  the  latter  part  of 
this  session,  will  be  talking  about  these  sensors')  ,  what  we  do 
is  send  up  a  pulse  of  acoustic  energy,  roughly  3  kilohertz 
frequency,  range  gate  it,  and  look  at  the  velocity  spectra. 

We’ve  come  up  with  some  rather  interesting  results.  We  now 
have  recorded  the  vortices  from  15,000  aircraft  landings  at  I'lii- 
cago.  Here’s  a  typical  "4"  vortex  which  came  from  the  Rosamond 
flight  test  that  we've  heard  about  this  morning.  What  we've 
done  is  transfer  Doppler  shifts  into  velocities  and  the  result 
whows  velocity  versus  the  vortex  radius.  This  case  is  for  a 
33-second  old  vortex  that's  a  33-meters  height.  We  can  calculate 
its  circulation.  Now,  we  see  a  core  radius  of  about  3  meters. 


Wo  have  to  dot  ine  a  couple  of  quantities.  The  vortex  cir¬ 
culation  Jet inition  which  most  people  know  is  the  product  of  the 
vertical  velocity  and  2  R.  But  we  have  been  working  with  a  quan¬ 
tity  we  call  the  average  circulation.  IVhat  we  Jo  is  take  the 
circulaton  and  integrate  it  over  some  radius  and  then  weight  it 
by  that  radius.  The  reason  we're  very  much  interested  in  this 
quantity  is  that  under  simplifying  assumptions  it  is  related  to 
the  rolling  moment  that  you'll  get  on  an  aircraft.  lie  also  found 
that  we  can  fit  all  the  data  with  a  simple  vortex  model  which 
contains  the  core  radius  and  the  total  circulation  evaluated  at 
essentially  infinity.  That's  what  these  solid  lines  are.  from 
the  simple  vortex  model  for  t he  circulaton  and  using  the  equation 
up  here  you  can  get  the  velocity.  It  seems  to  fit  the  data  quite 
wel  1  . 

V.e  have  lots  of  this  data,  some  15,000  cases,  so  we  know 
pretty  much  what  the  velocity  signatures  and  circulations  are  of 
these  aircraft.  Here  are  two  cases  which  have  to  do  with  takeoff 
but  are  quite  commonly  found  in  the  landing  situation.  They  are 
rather  interesting.  IVhat  we  have  here  is  gamma,  which  in  this 
case  is  our  average  circulation,  versus  time  for  different  radii. 
This  is  lor  5  meters,  10,  20,  and  30.  Notice  how  the  vortices 
are  decaying.  Taking  a  small  radius,  i.e,,  what  a  small  aircraft 
would  see  if  it  flew  into  this  vortex,  you're  not  seeing  much 
decay  at  all.  At  these  higher  radii,  you’re  starting  to  see  quite 
a  bit  of  decay.  IVhat  this  is  telling  us  is  that  the  vortex  is 
essentially  redistributing  its  vorticitv  on  the  outer  portions  or 
the  periphery  and  it's  growing.  That's  where  the  "decay"  seems 
to  he  occurring.  It's  not  on  the  inside  as  predicted  by  the 
typical  viscous-type  models.  The  vorticitv  on  the  outer  portions 
are  moving  outward  faster  and  so  we're  seeing  this  rather  rapid 
decay . 

Another  type  of  thing  we've  observed  are  shown  in  this 
V'ugraph;  all  I  can  do  is  say  I  think  the  vortex  is  linking  with 
the  ground,  he '  re  seeing  these  types  of  behavior  in  take-offs 
a  nd  1  a  nd  i  ng  s  . 
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Somebody  prov  unis  I V  stum  otl  some  t'.ilctiLit  ions  that  I  believe 
\K\I'  JiJ  tor  \\S\,  showing  vot lives  u'iihiii:  down  aiul  then  rising 
again.  IV  o  have  boon  able  It'  i'  ai  r  t'  hi  t  c  verv  nivoli  with  iiio.i  sn  re 
ments  that  wo  vlitl  up  in  loronto  that,  given  t  ho  height  ot  t  ho 
airvratt  normalized  tv'  its  wins  ••pan  ono  van  predivt  ttow  high  that 
vortov  is  so  i  ii.v.  t  o  i'  i  so,  What  vou'ro  doing  i  ••  iiuluving  a  scorn'd 
w  1  nil  shoar  that’s  vausing  one  vortex  tv'  rise  muvh  in  t  ho  manner 
o a  l ou  1  at  oil  t'\  tlarvot  and  1’orrv. 

\not  hor  area  that  wo'ri*  sotting  intv>  whioh  i  s  vor\  interesting, 
has  1 1>  vlo  with  t  ak  i  n;:  t  ho  ensemble  i>i  all  t  ho  data  t  roui  t  ho  mono 
slat  iv  system  ai\v!  looking  at  dooa>  .  t  hat  wo  havo  hero  in  this 
V  us  i’  a  pit  i  s  lor  d  1  •• .  U  ha  t  w  o  ’  r  o  looking  at  i  ••  t  ho  p  vo  ha  I'  i  I  1 1  v 
v't  timling  a  vortex  at  a  given  t  into  greater  tlian  or  equal  to  ,i 
stvo'ny.th,  a  limit  ins  st  roust  li,  versus  t  ho  si|iiaro  oi  the  vortex 
a.v'.o.  hotivo  liow  straight  those  linos  are.  \  l  l  o  I  the  vlata  show 
those  straisht  linos  and,  home,  a  doea>  s o 1  ng  as  the  t  imo  squared, 

One  v't  the  main  thins*  that  we're  lov'kins  at  now  i  s  the  prot 

at  ilit\  v't  the  ilooav  ot  vortioos  tv'  t  i  ml  v'tit  it  the  t*  MU'  li'O 

series,  tor  instamo,  are  truly  lloaw ;  should  those  airvratt  ho 
rail  od  lloai  ios  when  thov  ’re  lamlins.  \ro  thin  trulv  Hearn  l.o 
havo  a  pros  ram  at  t'hieaso  and  wo  havo  about  v'lio  thousand  oases 
whore  wo  know  the  lamlins  uoishts  v't  the  O  ’s  and  1H'  S’s.  We’re 

S.i’ins  to  look  at  those  topes  v't  euries  tv'  t  i  ml  out  it  wo  ran 

remove  a  ’0"  that's  now  vailed  a  lloaw  and  or  IV  8  that's  now 
vailed  a  lloaw  t  rom  those  vatosories  hov.iuso  so  doing  will  rosain 
vapai  i  t  \  . 

Iloiv'  is  a  vurio  that  was  shv'wn  I"  Paul  Mavt'roavly  a  voar  ativl 
.i  halt  as.o  at  the  vont'oronvo  hero,  where  ho  li'v'koil  at  dovav 
measured  a  numhor  ol  wavs  (ground  measurements,  Plight  data  and 
towins  tank  vlata).  \s  \  ou  van  see,  the  strv'nsth  is  m'  rma  I  i  od  In 
the  initial  stronsth  ami  is  ['li'ttovl  versus  a  parameter  whioh 
hasivalli  is  the  distanvo  mea sn rv'vl  in  wins  spans  hohiivvl  the  air 
vratt.  Rough lv  what’s  happen i ns  in  the  dovav  is  that  it  stars 
vonstant  tot  approx  ima  t  o  1\  !>t'  w  i  nj:  spans  ami  thou  tails  oft. 

I’ve  been  looking  .it  the  18,000  vases  that  we’ve  vo l  looted  and 

4-14 


<  □ 


1  2 

(  T/100  )2  [SEC2] 


find  that  this  form  of  the  decay  is  remaining  true.  I  could  have 
plotted  all  IS, 000  data  points  here  hut  it  would  get  a  little 
crowded,  but  we  are  seeing  the  same  thing;  that  curve  hounds  very 
nicely  the  decay  of  the  vortices. 

('hanging  the  subject  to  the  laser  Hoppler  veloc  imeter .  There 
are  a  number  of  ways  that  one  can  scan  to  study  aircraft  wake  vor¬ 
tices.  1  he  initial  work  that  was  done  hy  NASA  and  Lockheed  used 
a  so-called  finger  scan  where  one  just  moves  the  focus  in  and  out 
rapidly  and  try  to  track  the  vortices.  It  turns  out  that  scan  was 
very  good  for  tracking  vortices  hut  not  very  good  for  getting  de¬ 
tailed  measurements  because,  one,  you're  spending  a  lot  of  time 
at  the  extremes  of  the  scan  where  nothing  much  is  going  on,  and 
two,  it's  very  hard  to  extract  anything  that  tells  you  what  the 
vortices  are  doing. 

\t  the  Rosamond  flight  test,  the  "4"  flight  test  that  you 
saw  pictures  of  this  morning,  we  used  an  arc  scan  where  you  iust 
stayed  at  one  range  and  scanned  hack  and  forth  and  allowed  the 
vortices  to  descend  through  the  scan  region. 

Ke've  collected  about  5,000  cases  at  Chicago  O' Hare  in 
connection  with  the  VAS  safety  analysis.  V.e  used  a  stepped  arc 
scan  where  we  scan  with  one  range,  step  down,  scan  hack  over,  and 
so  on.  It  takes  eight  seconds  to  scan  through  these  eight  dif 
ferent  altitudes  and  you  get  a  pretty  good  picture  of  what  the 
vortex  looks  like  at  these  various  altitudes. 

And  as  an  aside,  here's  what  a  typical  scan  sequence  looks 
like;  these  are  the  vortices  between  1  (•>  and  24  seconds  of  age  for 
a  747  on  a  cloudy  day.  You  can  see  the  familiar  pattern.  he 
have  no  plus  or  minus  velocity  discrimination  so  everything  looks 
one  sign,  hut  you  can  find  where  these  vortices  are.  he  use  a 
light  pen  technique  to  pick  out  where  we  think  the  vortices  are 
and  then  calculate  the  angle  and  strength  of  these  vortices  to 
learn  how  the  vortices  are  moving  and  how  they  are  decaying. 

Since  we've  been  talking  about  the  "4  ~  and  the  use  of 
different  techniques,  spoilers  and  non  - spo i lers ,  1  thought  I 
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would  spend  the  rest  of  the  time  talking  about  the  data  collected 
when  we  worked  with  NASA  out  at  Rosamond  Pry  lake  about  three 
years  ago.  What  we  have  in  thisvu-graph  is  tangential  velocity  in 
meters  per  second  versus  vortex  radius.  I'.'hat  I'm  showing  here 
is  just  two  runs;  this  one,  the  solid  circles,  being  a  run  where  you 
have  no  spoilers  deployed  (normal  landing  easel  and  the  plus  signs 
being  the  data  when  you  deploy  the  spoilers.  You  definitely  do 
see  something  happening.  In  the  core  region  you  don't  see  much 
change  at  all.  In  the  periphery  of  the  vortex  we  see  little  dif 
ference,  but  obviously  in  the  central  portions  you  are  seeing 
quite  a  bit.  With  spoilers  deployed  we  get  a  nice  flat  vortex 
tangential  velocity  around  ?V  meters  per  second.  This  constant 
velocity  means  that  you  have  a  circulation  that's  increasing 
1  i  nea  r  1  v  wit  h  (.list  a  nee  . 

Now,  here  are  the  circulations.  For  the  next  sequence  of 
slides  that  we're  going  to  see,  whenever  you  see  a  scan  number 
that's  approximately  the  age  of  the  vortex,  within  plus  or  minus 
a  couple  of  seconds.  On  the  right  we'll  have  the  normal  landing 
configuration  and  on  the  left  we'll  always  see  the  alleviated  or 
spoiler  case.  I  he  spoiler  configuration  that  we're  talking  about 
is  the  I,  2  and  11  and  12  case:  the  two  outboard  spoilers  on  both 
ends  o l'  the  wings.  1  don’t  know  if  you  can  see  the  numbers  so 
I'll  read  them  when  I  refer  to  them.  Put  here's  something  that 
forces  us  to  raise  the  question  about  how  well  the  system  is 
operating,  the  spoiler  system. 

look  here  at  5  meters,  which  is  the  sice  ol  the  f  3"  (.semi 
span);  without  alleviation  we  read  a  number  on  the  order  of  100 
meters  squared  per  second.  look  over  here  and  at  S  meters  with 
alleviation  and  you  read  a  number  that's  less  than  200  meters 
squared  per  second.  Definitely  you're  seeing  alleviation  for  the 
sma  1  1  er  si.-  ed  a  i  rc  ra  f  t  . 

before  going  on,  I  would  like  to  comment  that  this  straight 
line  is  for  a  Hoffman  doubert  turbulent  vortex.  The  straight 
line  here  is  from  the  previous  slide  where  we  had  a  constant  "V- 
meters  per  second  for  the  tangential  velocity.  These  two  lines 
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(ilof fman- Joubert  curves)  will  remain  the  same  in  all  the  following 
Vugraphs . 

let's  go  hack  to  my  other  problem.  V.'e  saw  for  an  aircraft 
that  has  a  wing  span  of  10  meters  that,  indeed,  putting  out  those 
spoilers  really  did  show  alleviation.  It  cut  the  effective 
strength  seen  by  the  following  aircraft  by  a  factor  of  2. 

Let's  look  at  a  Twin  Otter  or  a  727-tvpe  aircraft  and  see 
what  it's  seeing.  For  the  Twin  Otter  sized  aircraft, we  have  a  cir 
culat ion  in  excess  of  b00  meters  squared  per  second,  and  over 
here  (the  alleviated  case)  and  we're  seeing  about  550.  Not  too 
much  difference.  And  that  is  for  the  commerical  airliners,  if 
you  will,  versus  the  T-37-type  aircraft. 

Let's  move  along.  Now,  we've  moved  to  a  39 -seconds  old 
vortex.  Look  here  at  5  meters  without  alleviation,  and  we  have 
a  circulation  around  400  meters  squared  per  second.  Look  here 
and  we're  still  seeing  a  number  less  than  200  for  the  alleviated 
vortex.  definitely  greater  than  a  factor  of  2  improvement  with 
spoilers  deployed. 

Look  out  here  for  our  Twin  Otter  or  ~27  size.  We're  talking 
about  a  number  around  550  versus  a  number  around  400  meters 
squared  per  second.  V.'e 're  starting  to  see  a  little  bit  of  effect, 
but  certainly  nowhere  near  the  changing  strength  that  we  saw  for 
the  T-37-type  aircraft. 

Following  the  same  discussion  here  at  55  seconds,  at  5  meters 
we've  still  got  around  400  for  no  spoilers  and  about  150  meters 
squared  per  second  with  spoilers;  definitely  a  T-3"  would  have 
a  less  effect  on  it.  Look  out  here  for  our  Twin  Otter;  we're 
talking  about  a  number  near  500  with  no  alleviation,  and  with 
alleviation  we  still  have  a  number  like  400  meters  squared  per 
second.  Very  close  to  what  we  saw  before. 

Could  1  have  the  next  slides,  please?  Now,  we're  getting  to 
the  old  vortex;  we're  talking  about  a  3-mile  separation  now, 

7b  seconds.  The  dotted  line,  by  the  wav,  seemed  to  be  a  better 
fit  than  the  Hoffman  and  Joubert  curve.  Look  here  at  5  meters 
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atul  soo  a  number  in  excess  of  300  for  no  alleviation  and  ISO  meters 
squared  per  second  for  alleviation  for  that  T  S'  type  of  aircraft, 
let’s  look  at  what  happens  with  the  Twin  Otter  type  aircraft. 

We  see  a  number  around  400  for  no  alleviation  and  around  300 
meters  squared  per  second  with  alleviation  not  much  different. 

You  see  a  definite  effect,  but  it  is  nowhere  near  as  strong  as  it 
is  for  the  smaller  vortex  penetrating  aircraft. 

Two  poin's  I’m  trying  to  make:  With  a  laser  we've  been 
yetting  some  really  detailed  measurements  of  what  vortices  are 
doiny.  he  can  learn  about  the  decav  and  the  velocity  fields.  1'he 
second  point  we  want  NASA  to  keep  in  mind  in  terms  of  these  tests 
(and  part  of  the  reason  we're  yoiny  to  be  involved  with  their  next 
series  of  tests'!;  you're  definitely  seeiny  alleviation  for  small 
aircraft,  the  1-3“  or  the  I’A  AS  types  of  aircraft.  but  the  ques 
t ion  is,  are  you  yoiny  to  see  that  much  alleviation  for  the  com 
mercial  airliner  sire  of  aircraft. 

What  1  have  talked  about  today  are  some  of  the  measurements 
that  we've  done  and  the  thinys  that  we're  lookiny  at  now  in  yroat 
detail.  We're  seeiny  the  decav  of  the  vortex  occurriny  from  the 
outside  in,  not  the  inside  out,  as  one  miyht  surmise;  and  we're 
seeiny  the  different  types  of  decav  and  we're  start iny  to  talk 
about  why  the  vortices  are  bouncing.  We've  got  a  fairly  qtian 
titative  model.  We're  almost  ready  to  put  equations  to  it  to 
predict  how  much  you  expect  a  particular  vortex  to  rise,  yiven  the 
altitude  of  the  aircraft.  There  is  a  lot  of  other  work  that  has 
been  done  which  really  was  covered  pretty  much  in  the  last  con 
to rence . 

Thank  you. 

MR  dl \RK:  My  name  is  Myron  Clark.  1  have  a  few  quick  slides. 
Primarily  what  1  brought  to  you  this  afternoon  is  a  film  that  we've 
made  on  the  Chicago  System.  Rather  than  go  into  a  long  and  de¬ 
tailed  discussion  of  some  of  our  growing  pains  and  the  anguish  we 
went  through  trying  to  yet  Chicago  off  and  running,  I'd  rather 
show  vou  this  film.  It  gives  you  a  prettv  good  description  of  how 
things  were  developed.  The  discussion  that  dim  has  just  held  for 
vou,  if  you  remember  back  to  talking  about  the  Heathrow  data,  this 


was  t ho  t  irst  ot  the  data  that  sort  of  keyed  us  into  the  possibi¬ 
lity  that  the  wind  conditions  play  a  very,  very  key  role  in  what 
is  happening  to  that  vortex  out  in  the  approach  zone. 

dust  a  quick  statement  of  our  objective,  what  we're  looking 
for  in  the  program,  it's  a  capacity  program.  Uc're  looking  for 
a  system  by  which  we  can  eliminate  or  minimize  the  effect  of 
wake  vortex  in  the  terminal  area  without  compromising  safety. 

I'm  not  going  to  dwell  on  this  separation  matrix,  you’ve 
seen  several  versions  ol  it.  These  were  the  prior  separations 
in  nautical  miles  and  what  we're  trying  to  do  with  the  V A S  is  to 
get  us  all  back  down  to  3  nautical  miles  between  aircraft,  as  a 
minimum  separation.  I'd  like  to  make  that  point  very  clear,  and 
dim  will  talk  about  this  later. 

V.'hen  we  talk  about  3  nautical  miles,  using  the  VAS,  we  recog¬ 
nize  that  as  our  minimum.  Take  a  good  look  at  the  situation  in 
Chicago  and  how  Chicago  operates  and  many,  many  times  you're  never 
going  to  get  down  to  3  miles,  it's  just  not  possible  because  of 
the  wav  the  traffic  is  configured  and  how  it's  handled  in  the 
Chicago  area. 

Okay.  There's  some  basic  concepts  and  I  think  you've  heard 
these  discussed  and  I'm  going  to  brush  through  this  very  quickly. 
Most  vortices  move  quickly  off  the  flight  path.  IV e  can  track 
vortices  with  sensors  that  we  have  and  which  have  been  under 
development,  and  1  say  in  that  slide  now  under  development  but 
most  of  that  development  lias  been  completed. 

Here  is  another  picture  of  our  infamous  laser  van. 

And  also,  t  lie  last  basic  concept  is  that  if  we  understand  the 
meteorological  corn!  i  t  ions  and  the  generating  aircraft,  there  is 
the  capability  of  predicting  what  that  vortex  is  going  to  do,  and 
therein  lies  the  key  to  the  future  systems  when  you're  talking 
about  wake  vortex  avoidance  systems. 

It's  really  a  very  simple  system.  It's  composed  of  three 
basic  subsystems. 
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First,  you  have  your  met  towers  that  are  located  in  the 
approach  rones  --  they  are  fifty- foot  towers.  V.'e  have  a  triple 
anemometer  configuration.  There  is  a  central  data  processing  unit. 
It's  located  in  the  IFR  equipment  room,  downstairs  at  the  base  of 
the  tower,  O'llare  Control,  and  then  we  also  have  the  displays  for 
the  c on t ro 1 ler s . 

Now,  in  this  slide  you're  only  seeing  one  display  which  is 
what  we  call  the  individual  controller  display.  1  also  have 
another  picture  of  that  here,  I  think,  coming  up. 

Here  again,  is  Jim's  algorithm.  He's  already  discussed  that 
pretty  thoroughly,  although  we  did  coordinate  with  each  other  on 
what  our  briefings  were  going  to  be,  unfortunately,  we  did  manage 
to  double-up  on  a  few  of  these  things. 

This  is  just  another  depiction  of  it.  It  does  show  you  the 
head-wind,  cross-wind  components,  and  that  transition  band  that 
we  use.  If  the  wind  vector  is  inside  the  inner  el  ipse  then  you 
have  what  we  call  our  red  condition  and  you  use  your  standard 
separat  ions  . 

Once  the  w  ind  vector  goes  outside  the  outer  el  1  ipse  of  course, 
that  gets  us  our  green  condition,  which  we  say,  okay,  now  we  can 
close  down  to  three  miles  between  aircraft. 

This  band  that  you  see  is  a  transition  cone  or  a  buffer  that 
we've  built  in  to  allow  us  to  keep  the  system  from  flickering 
back  and  forth  too  much,  which  would  drive  the  controller  right 
up  the  wall,  of  course. 

Here's  the  other  display  that  I  was  going  to  talk  about. 

The  individual  controller  display.  He  controls  the  runway  that 
he  wants  to  look  at  with  this  thumbwheel  switch  here.  He  dials 
up  an  arrival  for  runway  09  left,  or  if  he's  working  9  right, 

27  left,  2~  right,  or  whatever. 

If  he  does  make  a  mistake  and  dial  in  24,  which  doesn't 
exist  in  Chicago,  the  system  will  blank  out,  show  no  data. 

We  do  have  the  two  separation  lights  here  on  this  corner. 

This  also  gives  him  the  wind  direction,  the  wind  speed,  and  gust, 


it’  any,  and  there  is  a  dimmer  control  and  some  other  switches  on 
i  t  . 

this  display  right  here  is  what  we  call  the  system  monitor 
display.  This  is  an  overv  iew - type  display  .  IV  c  call  it  the  supe 
visor.'  display.  It'  the  supervisor  wants  to  take  a  look  at  his 
airport  and  what  the  wind  patternsare  doing,  he  has  all  of  the 
tower's,  including  the  center  field  wind,  displaced  on  this  unit. 
It  also  htts  the  separation  lights,  and  thinking  ahead  in  the 
future  for  departure  cons  idcra t ions ,  we  do  have  some  spare  module 
capahilit>  where  we  can  add,  it'  we  are  successful  with  depar 
ture  studies,  an  algorithm  that  will  perhaps  give  us  a  capability 
to  handle  departures  with  this  same  system. 

This  is  a  close-up  of  the  anemometers  on  the  met  tower. 

There  are  seven  of  these  towers  to  cover  the  twelve  approach 
corridors  in  Chicago.  This  is  a  picture  of  the  hardware  at  the 
base  of  the  tower.  This  is  simply  the  guts  of  what’s  hidden  in 
that  box  down  at  the  bottom  of  the  tower  where  we  convert  the 
analogue  signal  from  the  sensors  into  a  digital  signal  and  trans¬ 
mit  it  back  to  the  central  processing  system. 

Xow ,  that's  all  the  slides  that  1  have  and  t  lat  leads  me 
into  the  film,  and  just  one  comment  before  we  start  the  film  - 
1'his  film  was  prepared  really  to  be  distributed  to  anyone  who 
would  like  to  have  a  film  with  a  basic  description  of  the  system. 
V.e  have  not  released  the  film  yet,  because,  if  you  listen  closely 
it  infers  that  the  Chicago  system  is  already  in  operation. 

V.e  didn't  want  to  create  problems  and  a  lot  of  questions,  so 
we've  been  held  off  on  releasing  the  film.  This,  in  the  trade, 
is  called  an  answer  print.  It's  the  only  copy  of  the  film  that 
I  have.  V.e  will  do  some  minor  mod  i  I' i  cat  ions  .  There's  a  couple 
of  words  in  here  that  we  think  need  to  be  changed  around  before 
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w  i  ml  that  vou  get  from  the  towor  or  the  TRACON  people  is  the 
wind  taken  from  the  approach  corridor  tor  your  rimway. 

Unless  there  are  some  questions,  gentlemen,  that's  all  1 

ha  v  e  . 

I  ROM  flit  MiPU  Nt  i  :  Myron,  what  is  the  status  of  it? 

MR.  tM  ARK:  It  is  permanently  installed  in  Chicago,  and 

I  think  you  will  hear  more  about  that  later  from  some  of  the  other 
group  that's  coming  up,  doe  and  Cone  Barlow. 

he ' re  planning  right  now  an  operational  evaluation  and,  hope¬ 
fully,  the  last  date  we  heard  was  sometime  early  this  spring  we 
should  he  read'  to  do  an  operational  evaluat ton,  and  then  the 
system  is  permanent  in  Chicago.  It'll  become  part  of  the  Chi¬ 
cago  traffic  environment. 

An\  other  questions,  gentlemen? 

Thank  you  very  much. 

MR.  flNSld'Y:  You  can  imagine  that  with  any  change  that  we're 
making  to  the  air  traffic  system,  we're  very  concerned  about  the 
sa  let'  aspects,  and  one  of  the  things  that  Pr.  11a  1  lock  has  been 
working  on  is  a  safety  analysis,  and  he's  quickly  going  to  go 
through  it  and  tell  you  some  of  his  rationale.  dim? 

PR.  UAIliVk:  The  subject  of  this  portion  of  the  session  is 
what  we  call  the  YAS  Safety  Analysis.  I  don't  expect  that  in 
the  next  twenty  minutes  1  can  convince  you  that  the  safety  is 
proven  absolutely.  Chat  1  would  like  to  do  is  show  you  the 
rationale,  that  Cnice  mentioned,  to  at  least  show  you,  and,  hope¬ 
fully,  convince  you  that  I've  approached  the  problem  in  a  logical 
manner . 

It  is  a  ver\  interest  ing  fact  that  most  of  the  vortex  caused 
accidents  have  occurred  in  the  middle  marker  to  touchdown  region. 
In  fact,  over  three  quarters  of  the  accidents  this  comes  from 
a  stud'  done  bv  Mitre  where  they  studied  ten  years'  worth  of 
accident  data  occurred  on  landing,  and  of  these  landing  acci¬ 
dents,  in  excess  of  eighty  five  percent  of  them  occurred  between 
the  middle  marker  and  runway  touchdown  region.  Thus,  that 
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justifies,  it  you  will,  the  thousand  upon  thousands  of  vortex 
tracks  that  we  have  been  col  lect  inn  in  this  region. 

Since  we  have  been  collect  inn  the  data  there,  that 's  where 
the  VAS  algorithm,  the  ellipse,  was  derived. 

Now,  one  can  go  ahead  and  say  that,  here  is  a  system  that 
will  allow  you  to  decrease  separations  from  the  middle  marker  to 
runway  threshold.  Conceivably,  if  you  look  at  the  mathematics, 
you  will  get  some  benefit  but,  admittedly,  it’s  going  t o  be 
rather  small.  So  the  question  becomes,  and  that's  the  subject 
ot  this  talk:  Can  you  extend  this  protected  region  from  the  middle 
marker  out  to  t  lie  outer  marker?  It'  you  can  decrease  separations 
from  the  outer  marker  in,  you're  talking  about  a  system  where  you 
now  can  get  measurable  changes  well,  at  least  we  hope  thev're 
tnea  su  ra b  1  e  . 

How  do  you  do  this?  hell,  what  1  did  was  to  put  together  a 
very  mathematical  computer  model  based  on  what  1  think  happens 
with  vortices,  how  they  move,  how  they  dissipate,  and  how  aircraft 
will,  in  a  very  simple  manner,  react  to  vortices. 

This  model  has  simple  inputs  to  the  calculations.  How  do 
aircraft  fly  the  1LS?  he  happen  to  have  some  data  that  have  been 
published  ly  the  I’AA.  V.'c  have  made  our  own  measurements  at  Chicago 
and  confirmed  these  measurements. 

How  do  vortices  descend?  Kell,  it  turns  out  we  have  some  infer 
mat  ion  since  we've  measured  initial  descent  rates  of  vortices.  As 
you  can  see,  for  a  747  we  can  get  means  and  standard  deviat  ions, 
which  anyone  who  is  trying  to  do  probabil  ity  must  have. 

The  other  input  that  we  need  in  this  particular  model  is 
vortex  decay,  and  that's  why  1  told  you  previously  to  remember  that 
one  particular  slide  that  showed  that  the  decay  seems  to  be  ucgli 
gible  for  about  fifty  wing  spans  behind  the  aircraft  and  then 
falls  off  essentially  as  the  reciprocal  of  time. 

The  next  thing  you  need  for  the  analysis  is  the  cross  winds 
aloft.  Now  that,  admittedly,  is  the  most  ticklish  part  of  the 
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whole  calculation.  We've  gone  through  a  rather  rigorous  her  i 
vat  ion  of  what  we  think  the  cross  wiiuls  aloft  are,  am!  we've  used 
this  in  the  model.  V. hat  we  think  the  cross  wiiuls  are  when  you 
have  a  green  light  situation  versus  what  you  have  with  red. 
line  of  the  purposes  ol  taking  the  laser  system  out  to  Chicago  to 
collect  data  was  to  measure  the  cross  winds  aloft. 

At  times  when  there  were  no  aircraft  using  the  runway  where 
that  laser  was  set  up,  we  used  the  laser  to  collect  wind  int'om- 
ma t  ion  What  was  the  wind  at  100,  o00,  800,  and  1000  leet  above 
the  ground  and  correlated  it  with  what  the  YAS  system  was  telling 
ns  the  wind  was. 

What  I'm  trying  to  show  you  in  this  Yugraph  are  the  steps 
in  the  analytical  process  that  I've  followed.  What  I'm  reviewing 
in  this  short  talk,  is  a  document  that  has  been  written  and  has 
been  distributed  to  AU’A,  A TA  and  a  number  of  other  organ i rat  ions 
to  review  and  criticise;  eventually  it  will  be  published  as  1’art 
One  of  the  YAS  safety  ans  lysis. 

The  second  volume  of  this  analysis  will  be  the  analysis  of 
the  laser  data  collected  at  Chicago.  There  are  over  five  thou 
sand  cases  to  show  whether,  indeed,  t  lie  model  t  hat  1  constructed 
is  good  or  not. 

What  I  did  is  very  mathematical  using  error  fund  ions 
that's  why  I'm  not  going  to  go  into  the  math  here.  but  the  first 
thing  1  did  is  ask:  What  are  the  ordinary  risks  accepted  in  the 
present  system  today?  That  arc  we  experiencing  now  with  A,  1,  5 
nautical  miles?  Notice  I'm  saying  A,  1,  5  nautical  miles.  The 
reason  is  that  we're  talking  about  the  region  ol  the  outer  marker 
the  six  mile  separation  is  for  the  runway  threshold  region. 

The  model  is  then  used  to  calculate  the  minimum  distance  in 
nautical  miles  required  to  reduce  the  probability  of  a  vortex 
hazard  to  zero. 

What  these  numbers  on  the  Yugraph  mean,  for  instance,  is 
that  for  a  ?4?  as  the  lead  aircraft;  if  von  were  in  a  l'\  J8, 
you've  got  to  be  back  around  ST  miles  before  you'll  be  at  a  point 
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where  the  probability  ol’  a  vortex  hazard  would  reduce  to  zero  in 
my  model. 

Interestingly  enough,  I'm  happy  to  say  that  many  of  the  mini 
hers  on  this  Vugraph  agree  with  numbers  we  heard  this  morning. 

Some  of  these  do  not,  but  most  of  them  do. 

Another  case  to  point  out  -  you  remember  there  was  an  ace  i 
dent  with  a  commercial  airliner,  a  DC-9,  following  a  DC-10.  1 

calculated  a  separation  of  2.4  nautical  miles.  hell,  t  lie  acci 
dent  occurred  with  less  than  two  nautical  miles  separation.  The 
cases  that  are  circled  on  the  Vugraph  are  all  numbers  greater 
than  three,  because  those  are  the  ones  that  I'm  going  to  have  to 
talk  about  here;  the  shaded  numbers  are  the  ones  that  are  greater 
than  what  the  MR  standards  are. 

It  doesn't  mean  ihat  just  because  some  calculated  values  are 
greater  than  the  MR  standards  that  maybe  we  don't  have  the  right 
standards.  T.hat  you  don't  have  folded  in  here  (I  think  doe 
l'ymczyszyn  mentioned  it  in  his  talk)  is  the  fact  that  these  vor¬ 
tices  aren't  staying  around;  that  is,  they  are  moving  around. 

The  winds  are  blowing  them  away  or  they  are  descending  well  below 
the  flight  paths.  That's  what  brings  it  down  to  the  fact  that 
we  don't  have  any  accidents  when  the  aircraft  are  flying  at  the 
3,  4,  5  and  t>  mile  separations. 

Now  that  I've  calculated  what  1  call  the  risk,  what  is  the 
probability  of  their  being  a  vortex  hazard?  Hazard  to  me  means  a 
rolling  moment  imparted  on  your  aircraft  that  you  would  not  want 
to  accept.  The  Ames  simulations  came  up  with  numbers  like,  1 
believe,  ten  degrees  of  roll  when  you  get  near  the  ground.  You 
don't  want  to  get  anything  more  than  that  if  you're  on  an  MR 
app roach. 

Ue're  working  with  small  probabilities;  whenever  you  work 
with  small  numbers,  you've  got  to  question  what  you're  doing. 

So,  what  I've  done  is  to  use  the  following  technique.  The  acci 
dents  occurred  with  less  than  3,  4,  5  and  t>  nautical  miles  spacings, 
so  whatever  the  calculated  probabilities  for  a  vortex  hazard  at 
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these  spacings,  let's  at  least  say  that  should  he  an  acceptable 
probability  because  accidents  aren't  occurring,  and  that's  what  1 
call  a  baseline  probability. 


Then  what  1  do  is  use  m y  model  and  ask,  what  are  the  risks 
when  we  have  a  VAS  green  condition?  What  I'm  going  to  insist 
upon  is  that  when  you  have  reduced  spacings  during  a  YAS  green- 
light  condition,  the  probability  of  a  vortex  hazard  must  be  no 
greater  than  the  numbers  that  we  are  accepting  in  today's  3,  4, 

5  nautical  mile  system. 

In  other  words,  whatever  the  probability  that  we  are  accept¬ 
ing  in  today's  safe  system,  I'm  saying  that  when  you  turn  on  the 
YAS  and  reduce  separations  to  three  miles,  the  probability  of 
running  into  a  hazardous  vortex  will  be  no  greater  than  what  you 
are  accepting  in  today's  system. 

V.hat  do  we  have  to  do  to  make  sure  that  we  maintain  risks 
at  these  YAS  reduced  spacings,  at  or  below  this  baseline  value? 
Kell,  the  first  thing  we  have  is,  don't  use  reduced  spacings  un¬ 
less  you've  got  a  green  light.  The  next  thing  is,  and  this  is 
rather  important,  when  using  the  YAS, the  aircraft  must  use  pre¬ 
cision  approaches.  V.'e  don't  want  short  finals  or  localizer 
approaches,  or  VOR  approaches.  The  reason  that  YAS  can  get  closer 
separations  is  that  that  vortex  has  descended  well  below  the 
flight  path.  If  you're  making  these  other  type  approaches,  you 
could  be  coming  in  just  where  that  vortex  has  moved. 

Thus,  the  YAS  requires  precision  approaches  from  the  outer 
marker  in.  I'd  like  to  reiterate  a  comment  that  Myron  made 
because  it  is  very  important.  IVe're  always  talking  about  three 
miles.  Remember  that  we've  got  at  least  five  miles  separation  to 
the  outer  marker.  The  VAS  system  is  going  to  gain  all  the  bene¬ 
fit  from  the  so-called  accordion  effect.  Because  the  first  air¬ 
craft  is  slowing  down  to  land,  the  controller  adds  a  buffer  (an 
extra  half-mile  or  sol  to  the  interarrival  spacings  to  insure 
that  the  1FR  separations  are  maintained. 

What  we're  saying  is,  you  don't  have  to  worry  about  the 
buffer  anymore.  You've  got  to  have  the  aircraft  at  five-mile 
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separations  outside  the  outer  marker,  but  when  the  V AS  is  green 
the  controller  can  let  them  close  up. 

1  did  all  the  calculations  using  three  miles  as  the  closest 
separation.  1  believe  that  most  ot'  t  he  aircraft  are  really  going 
to  be  more  like  three  miles  for  the  727  following  a  72",  but  more 
like  tour  to  four  and  a  half  miles  for  a  Heavy  followed  by  a  Large. 

I  have  to  stop  here  anil  point  out  one  problem  that  we  have, 
a  philosophical  problem,  which  1  thank  Again  Sinha  for  pointing 
out  to  me.  When  you  are  comparing  probabilities,  particularly 
small  ones,  and  try  to  be  as  conservative  as  1  have  in  all  the 
calculations,  there  could  be  a  possible  philosophical  problem. 
Without  going  into  the  details,  we’re  doing  two  things:  first, 
you  don’t  run  into  the  problem  if  all  you  consider  are  the  Heavy 
and  Large  categories  of  aircraft.  According  to  my  analysis  and 
according  to  the  brief  look  at  the  laser  data,  you  could  start 
VAS  now  only  for  the  Heavy  and  large  series  of  aircraft  and 
exclude  the  Smalls  until  we  resolve  the  philosphical  problem  -- 
that’s  what  we’re  proposing.  The  problem  only  affects  the  analysis 
for  the  Small  aircraft  following  Heavy  or  Large  aricraft.  We  are 
looking  at  this  philosophical  problem  and  hopefully  if  it  is 
resolved  favorably,  maybe  by  the  time  the  VAS  is  activated  for 
the  operational  test  at  Chicago,  we  will  be  including  all  the 
a  i  rc raft . 

The  next  thing  that  1  had  to  do  was  to  examine  the  sensiti¬ 
vity  of  the  model.  What  I’ve  done  is  take  the  models  and  drive 
them  to  their  limits  such  as  having  the  first  aircraft  come  in 
at  its  stall  speed  and  having  the  other  aircraft  coming  in  at 
240  knots.  Iven  changing  to  these  various  limits  still  does  not 
change  the  overall  conclusion  that  the  VAS  should  be  a  safe 
system. 

Now  compare  these  calculated  results  to  available  informa¬ 
tion.  That’s  the  primary  reason  we  took  the  laser  system  to 
Chicago  and  set  it  up  where  the  aircraft  are  approximately  "00 
feet  in  altitude,  and  tracking  the  vortices  and  correlating 
the  results  with  what  the  VAS  system  was  saying.  When  it  was  a 
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green  light,  did  we  see  anything  that  would  say  that  any  part  ot' 
my  analytical  model  is  wrong?  Remember,  we  had  four  ingredients: 
how  the  aircraft  were  flying  the  11. S;  how  the  vortices  were  moving 
and  descending;  how  the  vortices  decayed  and  how  the  cross  winds 
var  ied . 

All  of  these  quantities  are  being  double-checked  by  looking 
at  the  laser  data.  I'o  date,  1  have  seen  nothing  to  say  that  my 
model  is  incorrect  or  should  be  changed. 

Two  other  things  are  suggested  as  being  possible  reasons  why 
you  should  think  the  VAS  might  be  safe.  One  is  \TR.  As  you  know, 
when  you  operate  under  VFR  conditions,  you  are  using  less  spacing 
than  the  5,  4,  5  and  0  nautical  miles  and  aircraft  are  safe  for 
the  most  part. 

As  another  thing,  this  is  a  slide  made  by  01  lie  St.  John 
which  lie  showed  at  the  conference  a  year  and  a  half  ago.  What 
we’re  looking  at  here  are  the  results  of  an  incident  reporting 
system.  The  British  have  had  this  system  for  a  number  of  years 
now.  Whenever  a  pilot  thinks  he  has  encountered  a  wake  vortex, 
he  fills  out  a  rather  detailed  questionnaire.  The  CAA  then  gets 
detailed  meteorological  information  from  the  meteorological 
office  at  the  airport  and  the  flight  data  recorder  and  really 
study  them  to  see  what  happened. 

What  I’ve  plotted,  or  1  should  say  what  Ollie  St.  John 
plotted,  is  our  VAS  ellipse  and  all  the  incidents  that  occurred 
between  the  runway  threshold  up  to  an  altitude  of  a  thousand  feet 
above  the  ground.  I  don’t  want  to  say  this  is  proof  of  the  safety 
of  VAS  because  the  British  measured  the  wind  differently  than  we 
do  in  the  VAS.  They  measure  it  at  a  different  location,  but 
what  I’m  trying  to  say  is  that  there’s  nothing  here  that  disproves 
that  you  can  use  the  VAS  for  decreased  separations. 

There  are  three  data  points  which  1  admit  fell  outside  of 
the  ellipse.  These  three  data  points  occurred  where  the  aircraft 
were  at  a  thousand  feet  in  altitude.  Two  of  the  points  are  plus 
signs;  that  means  the  pilot  reported  a  roll  angle  of  less  than 
ten  degrees.  To  me,  1  don’t  find  that  to  be  too  much  of  a 


problem,  but  as  a  passenger,  1  must  admit,  1  would  think  it  was 
twenty  or  thirty  degrees.  The  other  point  was  for  between  ten  and 

thirty  degrees  roll  as  reported  by _ the  pilot.  1  underscore  that 

because  other  measurements  indicate  that  when  the  pilot  reported 
he  went  through  a  f  ifty -degree  roll,  typically  the  flight  data 
showed  it  was  half  that. 

finally,  we  formulate  operational  guidelines.  l’rimarily,  wha 
I'm  pointing  out  here  is  that  now  we're  just  talking  about  a 
system  that  will  work  for  a  single  runway.  Remember  in  my  pre¬ 
vious  talk,  one  of  the  things  we  were  worried  about  was  how  far 
vortices  move.  If  you  have  a  six-knot  cross  wind  the  ellipse 
indicates  that  Y\S- reduced  separations  could  be  used.  But  if 
you've  got  a  parallel  runway  that's  four  hundred  feet  away,  as  you 
do  at  some  airports,  that's  no  good  because  a  vortex  could  get 
over  there.  Something  more  has  to  be  done.  This  doesn't  mean 
the  YAS  can't  be  used.  It's  just  that  we  have  not  put  in  the 
logic  as  yet  to  permit  you  to  use  it  for  more  than  a  single  run¬ 
way  application. 

MR.  TIN'SI.TY:  We  asked  dim  to  compress  an  hour  lecture  into 
twenty  minutes.  1  think  he  did  a  good  job.  He'll  be  around 
tomorrow.  So,  if  you  have  any  questions  or  want  further  expla¬ 
nation  on  this,  he'll  certainly  go  through  whatever  details 
you  would  like. 

We  have  Hector  Daiutolo  with  us  from  Atlantic  City,  N.AH'C, 
a  test  evaluation  group  there,  lie's  going  to  briefly  go  through 
the  planning  that's  gone  into  the  operational  demonstration  that 
we  plan  to  do  at  Chicago.  So,  Hector? 

MR.  DA lllTOI.O :  Thank  you,  Cuicc. 

At  the  TAA's  experimental  center  at  Atlantic  City,  NA1TC, 
the  role  in  the  YAS  program  is  two-fold;  first,  to  provide  an 
evaluation  of  the  system  during  its  operational  demonstration 
at  Chicago  0 'Hare ,  and  to  previously  have  tested  its  procedural 
implications  --  the  procedural  implications  of  implementing  it 
in  the  O'Hare  environment  through  air  traffic  control  simulation. 


This  was  done  in  1**7?  .  1'odav  1  s  hr  i of  tug  will  concent  rate, 
as  tluice  had  men  t  i  onod ,  on  the  elements  involved  in  operational 
evaluation  and  the  conditions  that  may  present  themselves  at 
Chicago  O'llare.  I  he  simulation  results,  though,  hear  fairly 
heavilv  on  this,  and  constant  reference  will  he  made  to  those 
results. 

These  are  the  elements  that  might  make  up  the  opera!  ional 
evaluation.  The  system  is  being  evaluated  for  operational 
sti  i  t  ah  i  1  i  t  y  . 

\  further  breakdown.  The  gross  check  for  etlect  iveness  of 
the  \ AS  svstem,  as  meat  ioned  hv  many  ol  the  briefers  today,  is 
the  increased  arrival  rate,  that  is  obtained  with  the  system 
during  the  green  condition,  when  it  show's  the  green  reduced 
sepa ra  t  i  on  c  ond i t  i  on  . 

These  are  some  of  the  element  s  that  might  be  listed  under 
procedural  implications.  tout  roller  performance  and  controller 
workload  have  alread\  been  tested  bv  simulation  with  verv  favorable 
results.  It  goes  almost  without  saying  that  controller  accept 
ance  and  pilot  acceptance  were  not  tested  in  the  simulat  ion;  they 
being  mere  h  inherent  in  the  very  ground  rules  by  which  the  simu 
1  a  t  i on  wa  s  run  . 

The  elements  involved  in  svstem  reliability  and  maintaina 
bilitv  are  listed.  Today  1  s  briefing  will  concentrate  on  effective 
ness  and  procedural  imp!  icat  ions,  and  the  things  that  are  more 
unique  to  YAS.  In  the  long  run,  it  may  wind  up  that  the  relia 
h  i  1  i  t  \  and  ma  i  n  t  a  i  nab  i  1  i  t  v  s  t  tide  is  not  pa  r  t  i  cu  1  a  r  1  \  unique  or 
different  from  the  evaluat  ion  ot  those  same  things  with  other 
s  v  s  t  e  m  s  . 

These  are  some  ot  the  data  sources  that  will  be  tabbed, 
ko'll  onlv  point  out  the  very  most  important  ones.  In  the 
'Hare  tower,  the  radar  tracking  tapes  will  tell  virtually  the 
elite  stoi\.  How  the  various  class  pairings  of  aircraft  are 

i  r  ed  with  a  ml  w  i  t  lion t  V  AS  . 
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-  PILOT  ACCEPTANCE 
RELIABILITY  AND  MAINTAINABILITY 


-  ANALYSIS  OF  SYSTEM  MALFUNCTION 

-  MAINTENANCE  REQUIREMENTS 


’  O'HARE  TOWER 

-  DAILY  LOGS 

-  ARRIVAL  DEPARTURE  REPORT 
RADAR  TRACKMG  TAPES 

CHICAGO  CENTER 


-  ARRIVAL  DELAY  REPORT 
•  NATIONAL  WEATHER  SERVICE 


-  SURFACE  WEATHER  OBSERVATIONS 
•ISC  DATA  AQUISITION  SYSTEM 

-  VAS  INDICATIONS 


'1 


Down  at  the  bottom  of  the  Vugraph,  the  VAS  indications  are 
recorded  by  the  TSC  Data  Acquisition  System.  V.'hat  VAS  is  saving  -- 
not  only  on  the  runways  in  use,  but  on  all  the  runways,  it  will 
present  t he  VAS  scenario  as  seen  by  the  controllers  at  any  given 
t  ime . 

Some  additional  data  sources  that  arc  sel  1"  -  explanatory . 

Again,  we've  emphasized  the  fact  that  the  final  approach 
spacing  are  t he  very  key  to  the  measure  of  system  effectiveness. 
Counting  the  aircraft  does  give  you  the  gross  measurement,  but 
you  can  tell  where  the  game  is  being  won  or  lost.  The  spacings 
will  tell  virtually  t  he  c omp 1 e  t  e  s  t  o ry . 

Those  spacings,  augmented  by  the  final  approach  speeds,  will 
give  you  the  arrival  rates  anyway. 

All  this  has  to  happen  in  some  kind  of  environment.  The 
elements  listed  in  the  Chicago  O'llare  environment  --  some  of 
them  that  will  be  examined  during  the  demonstration,  are  listed 
here.  They  provide  more  or  less  the  elbow  room  within  which  VAS 
has  to  work.  The  data  sources  that  you  saw  a  little  earlier  have 
already  been  tapped  to  provide  a  baseline  as  to  what  that  elbow 
room  might  be  before  we  actually  go  ahead  and  demonstrate  the 
sy s  t cm . 

he'll  take  a  look  at  some  of  those.  first,  the  arrival 
rates.  Arrivals  per  hour  over  a  typical  day  at  O'llare  in  1 9 "  7 , 
during  what  might  be  loosely  called  the  daylight  hours.  Notice 
that  the  traffic  peaks  in  the  afternoon,  between  one  and  three 
and  between  four  and  seven. 

examination  of  the  radar  tracking  data  show  that  indeed  at 
these  times,  the  various  class  pairings  of  aircraft  do  approach 
the  prescribed  current  minima,  separation-wise.  Any  gains  in 
arrival  rates  at  this  point  or  at  these  times  are  dependent 
entirely  on  a  system  such  as  VAS. 

In  the  morning  there  is  still  some  latitude  within  current 
prescribed  minima  where  gains  could  be  achieved.  At  these  times, 
VAS  may  not  show  maximum  effectiveness.  The  afternoon  hours  will 
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ON  SITE  HAT  A  SOURCES  cor^j 


•  NAFEC 

-  CONTROLLER  QUESTIONNAIRE 

•  AEPA 

-  PHOT  COMMENTS 

•  CONTRACTOR 

-  REPAIR  ACTION  EVALUATION 

•  AIRWAY  FACILITIES 

-  FACILITY  MAINTENANCE  LOG 


VAS  Effectiveness 
Ac  Rplatftd  To  O’Hare  Terminal  Environment 


•  EFEECTIVENESS 

-INCREASED  ARRIVAL  RATE 

'  fINAl  APPROACH  SPACINGS 
•  FINAl  APPROACH  SPEEOS 

*  ENVIRONMENT 

-  HEAVY  DEMAND  PATTERNS 

-  mmnr  condition  patterns 

-  RUNWAY  CONFIGURATION  USAGE 

-  DEPARTURE  RATE 

-  ARRIVAL  TRAFFIC  MIX 

-  ARRIVAL  PAIRING  MIX 
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Arrival  Rates  -  Typical  Day  1977 


TIME  OF  DAY 


Visibility  Conditions  During  Daylight  Hours 


show  the  maximum  effectiveness.  So,  we're  talking  about  five  hours 
out  of  twelve,  perhaps  forty-some  percent  of  the  time. 

looking  at  the  distribution  of  visibility  conditions  by  per 
cent  of  time  over  the  seasons,  we  can't  exactly  say  last  year  was 
necessarily  a  typical  year,  but  the  patterns  are  rather  similar. 
Note  that  --  Well,  starting  first  with  the  I  PR  curve.  In  instru¬ 
ment  Plight  Rules  we  have  complete  control  of  the  traffic  bv  the 
controller.  Generally,  the  visibility  is  less  than  three  miles, 
and  ceiling  less  than  a  thousand  feet. 

Just  above  that,  we  have  the  lower  limits  of  the  VPR  which 
are  technically  the  VPR  conditions.  Visibility  less  than  5,000 
feet  and  ceiling  less  than  3,500  feet.  Again,  technically, 
these  are  VPR  conditions,  but  under  these  conditions  at  O'llare, 
visible  approaches  are  not  approved,  so  that  the  operations  are 
essentially  I  PR  in  nature. 

The  1  PR  in  non-visual  approach  conditions  comprise  the  con¬ 
trolled  approach  conditions,  where  the  controller  virtually  has 
complete  control  of  the  aircraft  to  touchdown.  It's  under  this 
situation  that  V AS  is  expected  to  show  again  its  maximum  gains. 

Under  VPR,  at  the  top,  control  of  the  aircraft  is  passed  off 
much  earlier  in  the  landing  cycle.  The  pilot  is  cautioned  on 
wake  turbulence  and  he  has  already  at  his  option  the  ability  to 
close  the  gap  to  three  miles.  Not  too  much  is  expected  there,  if 
the  system  will  even  be  used  under  VPR.  It  probably  will  not. 

Pxamining  the  VPR  curve  then,  it  more  or  less  gives  us  the 
percentages  of  time  more  easily  than  summing  the  other  two,  but 
\  AS  is  expected  to  show  maximum  effectiveness:  in  the  winter, 
about  forty  percent  of  the  time;  as  you  approach  the  spring 
and  summer,  perhaps  about  twenty  percent  of  the  time. 

If  we  combine  those  percentages  and  overlaid  the  percentages 
of  the  arrival  rate  condition,  we're  winding  up  with  periods  of 
time  for  \  AS  maximum  effectiveness,  not  just  any  effectiveness  at 
all,  but  maximum  effectiveness  of  about  sixteen  percent  in  the 
winter,  and  about  eight  percent  in  the  spring. 
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These  statements  are  not  intended  in  any  way  to  demean  the 
value  ot  the  system.  liven  under  these  constraints,  the  various 
research  analysts  have  presented  analytical  studies  that  showed  a 
system  can  pay  for  itself  many  times  over  within  one  year.  They 
only  serve  to  highlight  the  fact  that  if  someone  is  doing  the 
evaluation  for  system  effectiveness,  it's  important  to  be  very 
selective  about  the  hours  that  are  actually  examined. 

These  are  some  of  the  favorite  runway  configurations.  By, 
all  non- visual  approach  conditions,  we  were  including  the  UR. 

The  second  and  third  of  these  were  selected  in  the  simulation. 

They  actually  rank  very  close.  There's  little  to  choose  between 
t  hem . 

The  point  to  emphasize  here  is  that  if  some  kind  of  statist  i 

cal  base  is  to  be  achieved  in  the  evaluation,  favored  runway  con¬ 

figurations  have  to  be  considered. 

The  OMlare  traffic  mix  -  It's  self-explanatory,  what  that 
means  with  respect  to  how  YAS  might  operate  at  Chicago  O'llarc 
spcci f ica 1 1 y .  This  is  the  matrix  you've  seen  several  times  today 
The  current  prescribed  minima. 

Now,  YAS  is  operating  and  YAS  is  green.  l.e  do  separations. 
The  first  thing  that  happens  is  that  a  Small  aircraft  can  be 
treated  similar  to  a  Large.  The  requirement  that  a  Small  air¬ 
craft  be  in  trail  of  a  Heavy  at  six  miles  and  in  trail  of  a 
large  at  four  miles  only  applies  when  the  lead  aircraft,  the 
Heavy  or  the  I.arge,  is  over  the  threshold.  When  YAS  is  imple¬ 
mented  in  Chicago  O'llarc,  it's  expected  that  it's  sphere  of  in 
flucce  will  at  least  extend  to  the  outer  marker. 

So  that  lead  aircraft  will  be  touching  down  in  a  zone  for 
which  the  system  says,  no  vortex.  So  this  becomes  the  matrix. 

Gains  here,  even  with  this  small  increment,  can  be  between 
one  and  two  percent  in  the  arrival  rate. 

Looking  further,  it  is  in  the  ultimate  resolution  of  the 
aerodynamic  question,  it's  determined  that  aircraft  can  only 
pass  below  the  prescribe  minima  in  separations  between  the  outer 
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marker  and  touchdown,  then  these  separations  have  to  apply,  as 
Doctor  llallock  pointed  out,  when  the  lead  aircraft  is  over  the 
outer  marker. 

It  is  only  the  natural  compression  that  occurs  between  outer 
marker  and  touchdown  by  virtue  of  the  speed  reduction  profiles, 
the  trail  overtaking  the  lead,  that  gains  will  be  achieved,  and 
that  will  look  something  like  this,  in  most  likelihood. 

These  probably  will  be  the  minimum  separations  achievable. 

Ue  get  this  from  the  fact,  the  known  fact,  that  a  study  of  the 
tracking  data  shows  that  aircraft  overtake  each  other  at  O'llare 
almost  regardless  of  categories  from  between  one  sixth  and  one 
eighth  ot  a  mile.  This  is  also  verified  in  simulation.  This 
isn't  expected  to  change  with  YAS,  because  no  speed  control  is 
contemplated  on  behalf  of  YAS  between  the  outer  marker  and 
t  ouc  hdown . 

Now,  again,  if  in  the  ultimate  resolution  of  the  aerodynamic 
question  in  the  area  outside  of  the  outer  marker,  if  consistency 
of  vortex  descent  and  ability  of  the  aircraft  to  stay  within 
prescribed  minima  in  the  flight  path  locations,  the  system  may 
prove  itself  to  be  safe  in  the  whole  terminal  zone.  This  really 
was  the  ultimate  goal  of  YAS.  It's  probably  still  an  open 
question  whether  it  will  or  will  not  be  shown  to  be  the  case. 

It's  under  study  at  the  present  time. 

If  that  happens,  the  ultimate  goal  is  achieved  and  all  air¬ 
craft  come  in  at  three  miles.  Fly  the  way,  the  gain  on  the  pre¬ 
vious  Vu-graph  with  the  dual  set-up  for  separation  criteria  was 
about  four  percent. 

Mow,  we're  getting  into  the  seven  percent  range  here.  This 
is  the  same  matrix.  V.'e're  looking  at  it  a  little  bit  differently. 
Kith  respect  to  percent  of  occurrence,  notice  that  78  percent  of 
the  traffic  at  O'llaiy  already  comes  in  at  three  miles,  so  that 
YAS  will  be  address  i/ig  21  percent  of  the  traffic.  Twenty  two 
percent  of  the  traffic,  a  maximum  of  about  sixteen  percent  of 
the  time  for  maximum  effectiveness. 

I 
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These  are  the  speeds  taken  from  radar  tracking  data  and 
verified  in  the  simulation,  at  outer  marker  and  at  touchdown.  \nd, 
again,  it’s  important  to  emphasi'o  that  these  are  not  expected 
to  change  when  V \S  is  in  operation. 

\  little  hit  more  about  the  simulation.  Again,  it  was  used 
to  determine  procedural  imp  1 i cat  ions ,  controller  performance, 
and  controller  workload.  It’s  important  to  note  that  the  air 
traffic  control  simulation  facility  at  NAHA'  can  only  duplicate 
air  operations.  Ground  control  is  not  part  of  that  simulation. 

Some  important  statements  follow  based  on  that. 

This  is  the  facility  at  WHY  where  four  of  the  air  operations 
just  about  everything  from  center  handoff  to  actual  touchdown  can 
be  duplicated,  even  to  the  point  of  exercising  some  inner  relation 
ship  between  arrivals  and  departures  on  a  runwav,  but  again,  ground 
control,  itself,  cannot  be  simulated. 

These  were  the  items  used  to  monitor  the  experiement.  When 
these  things  showed  up.  the  experiment  was  going  well.  1  hen  the 
arrival  rates  were  in  the  sevent v  per  hour  range,  we  knew  the 
s'' stem  was  saturated. 

V. h on  the  V AS  green  gave  increases  of  three  to  six  operations 
per  hour,  we  knew  that  the  controllers  were  using  the  YAS  pro 
perlv.  The  increased  arrival  rate  was  actually  an  output  of  the 
simulation.  The  reason  we  haven't  emphasized  that  is  because  of 
the  point  we  just  mentioned.  Since  the  all  important  ground 
control  was  not  part  of  that  simulation,  we  prefer  that  no  infer 
ences  be  drawn  that  these  increased  rates  will,  necessarily,  be 
achieved  at  Chicago  O'llare.  They  may  be. 

These  are  the  results  of  the  simulation.  It  we  had  to  dis 
till  all  the  findings  down  to  one  statement,  it  would  simply 
be  that  no  procedural  implications  emerged  that  could  possible 
deter  the  implementation  of  that  system  at  the  present  time  at 
Chicago  O'llare. 

\s  far  as  the  controllers  were  concerned,  it  was  business 
Viett'  much  as  usual’."'**  \s  a  matter  of  fact,  it  was  clearly 
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climui  A.TIQN  RESULTS 


NO  UNFAVORABLE  PROCEDURAL  IMPLICATIONS 

-  SEPARATION  VIOLATIONS  NO  INCREASE 
-CONTROLLER  WORKLOAD  NO  INCREASE 

•  TRANSITION  OF  SEPARATION  MODES 

-  ORDERLY 

•  5  MINUTES 

-  INSTANTANEOUS 

•  I  MISSEO  APPROACH  AT  WORST 


WILL  THE  POTENTIAL  OF  V AS  FOR 
INCREASING  ARRIVAL  RATES 
BE  REALIZED? 
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demonstrated  in  the  simulation  that  most  of  the  action  of  VAS 
is  not  in  the  tower  along  the  final  approach  monitor,  but  in  the 
TRACON  as  handled  by  the  arrival  controllers. 

Separation  violations  showed  no  tendency  to  increase,  nor 
did  controller  workload.  There  was  a  lot  of  anxiety  about  a 
transition  of  separation  modes  before  the  simulation.  This  ad 
dressed  the  situation  where  controllers  may  he  using  the  VAS 
system  on  a  given  set  of  runways.  It  says,  green;  the  traffic 
is  closer  together,  based  on  that  green  indicat  ion;  the  system 
suddenly  changes  to  red.  V.hat  is  involved  in  that  transition 
of  separat  ion  modes  from  the  reduced  VAS  separations  to  the  con¬ 
ventional  prescribed  minima? 

That  was  looked  at  two  different  ways.  An  orderly  transi¬ 
tion,  assuming  that  the  system  had  a  buffer’  in  it  that  would  give 
the  controller  some  indication  of  an  in  between  zone  and  then  it 
was  exercised  with  no  buffer  where  the  green  went  instantaneously 
to  red,  and  the  controller  was  confronted  with  an  instantaneous 
change  The  way  they  prefer  it,  from  the  indications  of  t he 
O'llare  controllers  It  was  found  that  an  orderly  transition 
could  easily  be  accomplished  in  five  minutes. 

As  far  as  the  instantaneous  transition  was  concerned,  most 
of  the  time  nothing  more  had  to  be  done  than  an  orderly  transition. 

The  reason  for  that  was  shown  in  one  of  the  previous  Vu  graphs, 
that  78  percent  of  the  traffic  already  comes  in  at  three  miles. 

Many  situations  presented  themselves.  There  were  very  few  air¬ 
craft,  if  any  at  all,  at  the  given  time  that  the  change  occurred, 
were  really  committed  to  a  VAS  separation. 

The  worst  that  ever  happened  was  one  missed  approach  which 
was  exercised  outside  the  outer  marker.  Although  it  didn't 
happen  in  the  experiment,  it's  conceivable  that  two  missed 
approaches  would  have  to  be  exercised,  one  on  each  arrival  runway. 
That  would  be  the  absolute  maximum  condition  that  could  possibly 
be  expected.  The  simulation  served  to  highlight  the  fact,  though, 
that  quite  often  an  aircraft  inside  the  outer  marker  was  committed 
to  a  VAS  separation  when  the  system  changed  from  green  to  red. 
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these  vu'i'i'  permitted  to  l.uul  and  i 
system  should  be  designed  and  usoil 
happen  i  tv  p  rue  t  tio. 


’s  generally  t’elt  that  the 
t  ha  t  this  i*a  n  ac  t  ua  1  1  y 


Pilots,  most  ot  all,  find  .i n n  misseil  approaches  inside  the 
outer  marker,  most  objectionable. 


back  to  the  on  site  demonstration.  This  is  the  iundamental 
quest  ion  that  will  have  to  be  answered.  le've  already  mentioned 
that  the  radar  tracking  tape  data  almost  does  the  job  for  us. 

Uhat  it  does  not  do,  though,  is  tell  us  it  the  svstem  is  not  being 
used,  whv  not.’  \re  the  controllers  be  inn  conse  rva  t  i  re  with  it'.’ 

\ie  the  pilots  reject  inn  V  \S  separations?  Is  there  someth  inn  i  n 
t  he  ground  control  situation  that  hacks  tip  into  the  air?  I  hose 
are  the  quest  ions  that  will  have  to  he  answered  on  site. 


Hidden  behind  this  quest  ion  is  another  vital  one.  How 
serious  In*  will  the  controllers  take  the  \  \S  indications  in  the 
selection  ot  runways?  Kill  they  actually  select  runways  based  on 
YAS  green  i  nd  ica  t  i  ons ’.’  Pill  they  actual!)'  make  a  channe  of 
runwavs?  lor  example,  that  condition  in  the  transition  of  separa 
t  ion  modes  It  they  are  act  inn  on  a  runway  that  changes  to  red, 
will  controllers  consider  a  channe  of  runway  configuration  to  take 
advantage  ot  some  green  runwavs  that  may  present  themselves?  I'his 
is  going  to  be  a  vital  question  at  O' Hare  and  it's  important  as 
to  whether  that  system  will  rank  with  the  other  factors  in  a 
runway  select  ion  process. 


1  he  developers  pointed  out  many  times  that  a  vast  majority 
of  the  time,  some  runway  configuration  will  he  showing  a  green. 
Ihe  question  is,  will  the  controllers  get  over  to  it? 

I'm  not  going  to  point  out  anything  particularly  special 
about  that  Vu  graph.  flint's  merely  arrivals  taken  from  the 
simulation  on  parallel  four  teens.  There's  one  aircraft  in  that 
pack  that's  committed  to  a  YAS  separation.  Rather  than  going 
into  that  in  detail,  the  Yu  graph  merely  acts  as  a  back  drop  for 
what  might  be  the  concluding  statement,  and  that  is  as  much  as 
has  been  learned  about  the  YAS  system  through  analytic  study  by 
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WILL  VAS  EMERGE  AS  A  FACTOR  IN 
THE  RUNWAY  SELECTION  PROCESS? 


VIK .  11NSI.I.Y:  Bill,  you've  got  l1.’  minutes  and  30  seconds  to 
talk  about  V  VS  enhancement  and  future  sensor  design. 

MR.  hOOH:  Thank  vou ,  t'.uice. 

1  list  of  .ill,  let  me  address  the  subject  of  enhancement  and 
then  I'll  take  vou  on  whirlwind  tour  ol  the  development  ot  sensors, 
t  n  in.:  to  point  out  some  of  the  things  that  we've  learned  about  the 
sensors  we've  used  at  the  various  airports  and  the}  cannot  he  used 
in  an  oper.it  ional  env  ironment  . 


Rather  than  describing  the  things  that  are  all  positive  about 
the  sensors,  we'll  address  win  most  of  them  are  not  adaptable  in 
todav's  environment  to  an  operational  airport. 

fonsidei  mg  the  enhancement  ot  \  VS,  vou' 11  remember  in  the 
movie  where  tliev  talked  about  oh  percent  utilization  effective 
ness.  That's  the  maximum  amount  of  time  that  vou' 11  get  to  use 
tin1  V  VS  reduced  soparat  ion  looking  at  ton  wars  of  wind  data. 

That  savs,  that’s  the  amount  of  time  that  the  wind  will  be  outside 
the  inner  ellipse  or  the  green  part  of  the  diagram,  the  green  outer 
part  of  the  diagram,  such  that  we  can  bring  the  airplanes  in  at 
t  hroo  mi  lee. 


That’s  not  ven  much  when  vou  stop  to  think  about  all  the 
other  coiiM.lerat  ions  that  have  to  be  taken  into  account  in  bring 
mg  the  aircraft  in.  Therefore,  what  we’re  trving  to  do  is  find 
out  it  there  are  other  things  relative  to  the  VVS,  which  we  have 
not  considered  x o t  ,  which  can  be  implemented  to  increase  its 
el  I  e.  t  i  voile  s  s  . 


11  vou' l  l  recall  in  the  movie,  we  talked  about  onlv  the 
transport  ot  the  vortex  due  t o  wind.  We've  not  considered  am 
other  element  in  that  algorithm  or  in  the  svstem.  We've  seen  in 
data  I  rein  t.l  ,K.,  where  we  did  a  lot  of  measurements  tor  several 
veals,  that  there  are  things  like  turbulence  that  drasticallv 
affect  the  vortex  while  the  algorithm  would  tell  vou  it's  ,i  red 
co ml  i  t  i on  . 

The  vortex  is  dv  mg  ruptdlv.  It's  breaking  up.  It's  not 
persisting  in  that  corridor  which  would  be  of  concern  to  us,  but 


I  -  el 


we  don't  take  that  into  consideration,  he  do  not  consider  any 
dev  .iv  v»  t'  the  vortex.  We  take  into  consideration  only  the  transport 
therefore,  if  we  take  a  simple  measurement  of  turbulence,  with  a 
third  avis  anemometer ,  we  can  factor  that  decay  consideration  into 
the  algorithm,  take  the  amount  of  time  that  the  system  would  then 
be  green  with  turbulence  consideration,  and  raise  the  effective 
ness  up  to  about  SO  to  85  percent  A  fairlv  significant  increase 
for  an  addition  of  one  simple  sensor. 

We  measured  this  phenomenon!  with  a  device  called  a  pyranograph 
at  .1.1. k.  which  looks  strictly  at  cloud  cover.  lHiring  the  time 
that  you  are  getting  normal  heating  of  the  atmosphere  and  subse¬ 
quent  heating  turbulence,  we  found  that  the  vortex  would  disappear 
rather  rapidly.  It  wasn't  being  blown  out  of  the  corridor.  It 
was  being  broken  up  due  to  the  normal  atmospheric  heating  turhul 
once.  Therefore,  we  feel  that  we  have  a  verv  good  possibility  of 
incorpora t  i  ng  some  of  those  types  of  measurements  into  the  system, 
thus  gaining  ef fee t i v i t v . 

IV e  also  want  to  look  at  what  can  be  done  to  predict  to  the 
controller  when  conditions  are  changing  to  red  so  that  he  can  take 
steps  to  move  the  aircraft  around  and  not  get  into  the  missed 
approach  situation.  That's  one  of  the  biggest  criticisms  we've 
had  so  far,  and  it's  one  of  the  things  that  Hector  addressed. 

It'  Chicago  spaces  its  aircraft  on  final  approach  anywhere 
from  sixteen  to  forty  miles  out,  you  don't  want  to  be  to  pulling 
aircraft  out  on  missed  approaches  inside  the  outer  marker.  There 
tore,  we'd  like  to  find  out  if  there  are  other  ways  that  wo  can 
predict  when  that  system  is  going  to  change  to  red,  so  that  we 
can  pull  the  aircraft  out,  space  them  properly  back  to  the  5, -1,5 
and  6  miles  and  keep  the  operation  normal  without  going  into  the 
missed  approach  mode. 

Those  are  the  two  primary  things  that  we're  looking  at  as  far 
as  WAS  enhancement.  When  we  talk  about  YAS,  1  want  to  re  emphasize 
that  it  is  strictly  advisor!'.  It  does  not  detect  and  track  a 
vortex  in  any  wav,  shape  or  form  and  it  only  tells  the  controller 
when  he  can  reduce  separations,  nothing  else. 
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It  doesn't  toll  him  positively  the  other  side  of  the  picture 
ms  to  whether  the  corridor  is  positively  clear.  lie  deduces  that. 

It  tells  him  only  when  he  can  go  to  three  miles.  The  sensors  that 
I'm  going  to  talk  about  now  are  ones  that  we've  looked  at  during 
the  development  stages  of  the  program.  We've  looked  at  detection 
and  tracking,  trying  to  learn  more  about  vortex  behavior,  the 
dynamics  of  vortices,  and  how  these  parameters  might  he  applied  to 
the  h'YAS,  which  would  take  into  consideration  detection,  tracking 
and  prediction. 

censors  could  give  positive  identification  of  where  the  vortex 
is  in  the  terminal  area,  positive  input  to  the  pilot  about  whether 
he's  going  to  see  it  or  miss  it,  and  some  positive  means  of  telling 
whether  he's  got  to  make  a  missed  approach  and  get  out  of  there, 
or  whether  it's  safe  at  the  last  instant. 


We're  not  sure  that  we  know  how  to  use  those  parameters  in  a 
system  yet;  we  are  not  sure  we  can  get  a  sensor  that  will  meet  the 
system  requirements.  We've  come  close.  We  know  several  of  them 
are  fairly  adaptable  to  the  environment,  hut  we've  got  other 
things  to  do  with  them.  I'll  try  to  go  through  those  rather 
rap  idly. 


First  of  all,  if  you  look  hack  a 
first  part  of  the  movie,  you  saw  some 
Actually,  these  were  done  at  XAFHC  in 
program.  The  smoke  tower  in  Figure  1 
tion  of  where  the  vortex  was.  We  had 
i  t  . 


number  of  years,  to  the 
photographic  techn iques . 
the  very  early  days  of  the 
was  used  to  get  a  visual i:a- 
no  other  means  of  finding 


On  the  ground  down  there  in  Figure  2,  hard ly- v i s ihl e ,  there 
arc  a  couple  of  sensors  which  I'll  talk  about  a  little  later.  One 
being  an  acoustic  sensor,  which  is  the  one  in  the  foreground.  The 
little  signs  with  numbers  were  put  there  so  we  could  correlate 
with  photographs  where  the  vortex  was  relative  to  the  sensors. 
Therefore,  we  could  look  at  a  positive  identification  of  a  vortex 
position  relative  to  what  the  sensor  told  us. 

Those  were  the  very  earliest  sensing  techniques  that  we  used. 
The  pulsed  acoustic  sensor  was  able  to  give  us,  very  much  like  a 
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i  annot  he 


radar,  the  iltitude  and  lateral  position  of  the  vortex. 

rhe  smoke  technique  von  see  in  I  igure  natural  h 
used  at  an  airport  beeause  o  t  pollution  problems. 

I  igure  >  shows  the  combination  we  used  at  \U  I  It  had 
simple  aneniome  t  o  r  s ,  which  we  -.till  use  todav,  the  sign  lor  photo¬ 
graphs  techniques,  and  the  wooden  frame  work  device  which  wu  a 
pulsed  acoustu  transmitter  and  receiver.  It  sent  an  acoustic 
signal  into  the  reflector  and  back  up  to  the  vortex  and  a->  it 
impinged  on  the  vortex,  it  was  bent  hack  t o  the  ground;  there  a 
receiver  on  the  opposite  side  of  the  runway  picked  up  the  signal. 

1  he  anemometers  m  a  array  is  shown  in  1  igures  1  and  5  give 
an  indication  of  vortex  position  bv  a  simple  technique.  There's 
the  ambient  wind  level  on  the  anemometet  as  a  constant  signal, 
be  get  an  indication  of  a  vortex  crossing  that  anemometer  and  con¬ 
sequently  the  opposite  vortex  on  the  opposite  side  as  shown  bv  t he 
positive  and  negative  signal  change.  Through  a  very  simple  fixed 
axis  anemometer  we  are  therefore  able  tv'  measure  the  position  of 
the  vortex,  but  we  have  tv'  use  a  large  string  of  anemometers,  and 
vou  have  to  do  a  lot  of  detection  processing  with  computing 
dev  ices  later. 


be  found  that  a  computer  is  not  very  adaptable  to  tracking 
the  vortex  signals  simply.  It’s  a  rather  complex  processing 
scheme  to  positively  detect  and  identify  where  that  vortex  is 
without  anv  false  alarms.  There’s  a  lot  of  noise  in  those  types 
o f  systems  using  anemometers,  and  there  are  a  lot  o t  discrepancies 
when  you  try  to  computer  process  that  kind  of  data. 

It’s  very  easy  to  sit  hack  and  pick  out  where  the  vortex  is 
when  the  data  is  run  out  visually  so  an  eve  can  pick  out  where  it 
is.  It’s  not  a  simple  process  for  a  computer. 


figure  t'  illustrates  a  simple  reason  for  not 
tors.  That’s  one  of  the  (.Till  anemometers  down  at 
ditions  of  very  light  winds,  it  gradually  came  to 
i ce  on  i  t . 


using  anomome- 
J . 1  . k .  In  con  - 
a  halt  with  the 
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Figures  S  and  8  are  of  J.F.K.  You'll  see  the  complexity  of 
the  system  in  Figure  8.  Every  sensor  that  we've  tried  is  shown  in 
Figure  8  including  the  pulsed  acoustic  system  (PAVSS) ,  the  ground 
wind  anemometers  of  which  there  are  several  lines,  and  these  little 
devices  back  here  which  Jim  talked  about  earlier,  as  being  the 
mono-static  acoustic  sensors  (MAVSS) .  They  look  vertically  in  a 
narrow  beam  up  into  the  vortex,  but  again,  the  vortex  must  be 
moving  across  that  path  in  order  for  this  sensor  to  be  of  any 
va 1 ue . 

The  pulsed  acoustic  sensor  shown  in  Figures  9  and  10  suffer 
from  the  problem  of  the  acoustic  signal  going  up  into  a  tightly 
wound  vortex  and  coming  back  in  the  proper  position  in  the 
opposite  side.  However,  when  you  get  a  loosely  formed  vortex, 
such  as  you  might  see  in  a  707,  the  signal  goes  up  into  the  vortex 
all  right,  but  it  comes  down  a  long  way  beyond  where  the  receiver 
is . 

We  have  problems  when  we  look  at  different  types  of  vortices 
with  the  same  type  of  acoustic  sensors.  The  pulsed  acoustic  sys¬ 
tem  was  dropped  after  our  experience  in  London  --  We  had  too  much 
difficulty  in  trying  to  process  the  data  for  whatever  it  was 
worth . 

The  mono-static  types  are  still  very  valuable  in  scientific 
research  to  look  up  into  the  atmosphere  and  measure  the  strength 
of  a  vortex  at  relatively  low  altitudes.  At  two  to  three  hundred 
feet  above  the  ground,  we  were  able  to  see  the  vortex  and  by  look¬ 
ing  at  a  series  of  those  devices,  we  were  able  to  find  out  where 
the  vortex  is  relative  to  the  acoustic  array,  then  look  up  above 
the  sensor  and  measure  the  actual  velocities  aloft  and  change 
that  over  to  a  strength  measurement. 

The  entire  scheme  at  J.F.K.  was  built  to  look  at  vortex 
behavior  and  also  to  assess  these  various  sensing  techniques. 

Figure  10  is  a  schematic  of  the  pulsed  acoustic  device,  and 
all  I'll  say  here  is  that  you  can  see  the  acoustic  signal  being 
transmitted  up  toward  the  vortex  properly  and  reflected  down.  If 
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this  was  ,i  looser  wound  vortex,  that  signal  would  go  up  and  come 
down  over  here  instead  of  hit  tine  these  revolvers.  Bv  using  the 
one  transmitter  and  two  receivers,  we  define  a  locus  o t'  points 
which  are  on  an  ell  ipse  as  sltwon  in  figure  11.  Bv  using  the  second 
one,  we  get  anot  he  r  e  1  1  i  pse,  and  we  can  find  the  inner  section  ot 
those  el  1  ipses  and  give  us  a  location  o f  the  vortex. 

1  igure  Id  is  a  picture  of  the  pulsed  acoustic  units,  a  low- 
mounted  one  and  a  high  mounted  one  down  at  .l.f.k.,  and  figure  l  a 
is  a  picture  of  the  data  that  came  from  an  1 1 01 1  from  the  pulsed 
acoustic  sensor.  You  can  see  we  have  the  ahilitv  t o  see  a  vortex 
going  to  both  sides  of  the  runwav  as  depicted  here.  It’s  moving 
(Hit  in  the  classic  manner  from  both  sides,  and  it  came  down  and 
went  back  up  in  altitude.  We  were  then  able,  with  that  data 
computer  processed,  to  find  the  vortex  location  in  both  altitude 
and  hor  i on  t  a  1  pos  1 1  t  on  . 

The  next  sensor  we  looked  at.  shown  in  figure  11,  was  an 
adaptation  of  the  pulsed  acoustic  called  the  Doppler  \coustic, 
where  a  t'U  signal  from  a  single  transmitter  is  fanned  up  into  the 
atmosphere  and  the  backscntter  in  narrow  beams  is  looked  at  with 
single  receivers,  some  twelve  or  thirteen  of  these  receivers  in 
an  array.  Using  one  element,  shown  in  1  igure  IS  as  a  single  cone 
transmitter  and  multi  element  receivers  in  a  single  arrav 
we  were  able  to  look  up  into  the  atmo  phere .  In  each  cone,  as  we 
range-gated  them,  we  were  able  to  find  the  Doppler  shift  in  each 
small  element  vertically  above  that  reviving  sensor. 

One  of  the  problems  with  the  Doppler  t vpe  dev  ice  is  that  it  ’s 
very  sensitive  to  background  noise.  It  takes  four  transmitter 
receiver  combinations  in  order  to  cover  the  approach  .one  of  the 
airport  as  shown  in  figures  l”  and  IS.  The  beams  are  so  narrow, 
we  have  to  fan  four  systems  across  the  airport  to  cover  the 
approximately  three  hundred  foot  corridor  that  we're  interested 
in.  So  they're  not  verv  practical,  p  Ins  thev  suffer  from  rain 
noise  and  moisture  problems. 

1  igure  It’  is  a  schematic  representation  of  the  same  dev  ice 
where  we  put  a  transmitter  and  receiver  on  both  sides  of  the 
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ruuw.iv  and  look  ,it  t  ho  intersecting  volumes  .is  shown.  its  mst 
another  oont  igurat  it'll  of  the  same  sensor. 

figures  1  :*  to  22  shown  the  mono  stat  ie  aeoust  it  sensor. 

I  jgure  22  is  the  sensor  that  was  used  out  at  Rosemoml  lake  for 
measuring  vortex  strength.  It's  the  same  one  that's  current  1\  at 
O'llare  ami  that  was  used  at  Toronto.  It  's  been  very  effective  in 
looking  up  into  a  verv  narrow  beam  and  measuring  the  velocities  ot 
the  vortex  in  the  beam.  The  vortex  must  move  over  the  sensor  for 
it  to  function.  You  can't  put  those  boxes  in  the  middle  of  the 
riinwav.  ('on  segueii  t  I  y ,  operationally  you  have  no  means  ot  finding 
where  a  vortex  is  when  it's  over  the  runway. 

If  it  never  comes  out  of  that  corridor,  out  to  the  side  ol 
the  riinwav ,  and  doesn't  get  over  one  ol  those  sensors,  you  don't 
have  any  idea  where  it  is  or  how  strong  it  is.  Similar  problem 
with  the  anemometer. 
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figure  20  is  a  picture  of  the  data  that  is  received  I rom  the 
mono  stat  ic  sensor.  figure  22  shows  the  mono  stat i c  sensor 
installed  at  Rosamond  lake  when  we  did  the  I  alleviation  test 
with  NASA. 

In  figure  21  vou  see  the  vortex  centered  in  about  the  120 
foot  altitude.  Right  in  this  area.  This  is  the  vortex  going 
over  that  sensor.  The  rest  of  this  is  just  ambient  noise.  You 
can  imagine  what  kind  ol  problems  a  computer  has  living  to 
pull  that  signal  out  of  t  lit'  noise  in  those  different  range  gates. 

hooking  again  at  anemometers,  figures  2a  and  24  show  t  lit' 
dev  ices  that  are  mounted  atop  the  tower  which  vou  saw  in  the  \ AS. 
Thev  are  the  Remlix  Aero  Vane  sensors,  hardened  sensors  that  are 
able  It'  withstand  the  environment.  He  used  a  f 1 ima t ron ic s  sensor 
in  tht'  R  and  1'  svstom  in  fhicago,  and  I  outnl  out  that  vortex 
impingement  on  the  towers  was  tearing  the  cups  off  the  anemometer; 
plus  we  were  having  some  electronics  problems  as  well. 
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lliese  devices  have  boon  test.-,)  in  extremes  of  cl imat u  .on 
.lit  ions  .uni  are  ver\  reliable  sensors.  1  he  one  thing  tli.it  t.e  find 
is  that  it  i.o  .lo  have  to  go  to  a  turbulence  measurement,  t  he 
hen.lix  sensors  are  inetTeotive.  lie  i.  i  1  1  have  to  go  to  some  otliei 
tvpe  device. 

Hie  l'.  ill  lightweight  anemometers,  which  vou  saw  frozen  up, 
suitor  t  rom  hearing  problems.  t‘he\  will  not  withstand  the 
atmosphere  over  a  lone  period  oi  time.  Hierot'oro,  when  wo  talk 
about  using  operational  systems,  we're  faced  with  devices  like 
tins  which  must  he  looked  at  for  liit;h  reliahiliti  electr.’iiics  and 
the  ahilitv  to  withstand  the  atmosphere  that  we're  subjected  to. 

1  !i  i  s  includes  all  kinds  of  things  such  as  dirt,  rain,  snow, 
etc.,  and  the  bend i \  sensors  have  performed;  the  others  have  not. 

1  he  next  ,lo\  ice  which  we  looked  into  and  have  used  vert 
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Unt.iuelv  enough,  we  found  that  in  the  atmosphere  when  we  were 
in  t’hicac.  ’  last  tear,  that  the  .lifferenti.il  of  temperature  between 
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t  ho  upper  surt.uo  ami  t  ho  lower  surf.ieo  oi  the  sranniti);  mirror 
apparent!'  dcfleitod  the  mirror  enough  to  i  ause  the  range  t  o  go 
s  i  jjii  i  t  i  e  .in  t  I  \  out  ol  t  ho  realm  ot  realitx,  amt  it  took  us  .1  lour, 
while  to  find  out  that  .1  lew  ntiero  imhos  of  movement  in  th.it 
mirror  were  enough  to  e.iuse  us  to  ret  strange  signals  returned, 
fhe  ileviee  It, is  been  vet  v,  ten  effort  i\o  in  's  lent  1  I W  reseanh  in 
lookinr  .it  vortex  holtax  ior.  In  the  atmosphere  th.it  we  I  omul  in 
loronto,  where  vortiees  do  --e  einlevl  in  over  the  runwax  during  depar 
lure,  we  were  never  .ihle  to  find  them  routing  out  ot  tli.it  departure 
corridor.  I'hev  novel  cattle  over  the  inemomet ei  . .  \xe  must  t  1  ml  out 
w  I1.1 1  happened  t  o  t  hem  . 

this  is  .1  Jo  v  i  oe  that  will  vlo  it.  it  will  look  out  oxer  the 
runwax  without  ,mv  k  1  ml  01  ohst  root  ion  011  the  runwax.  He  ran  get 
to  .1  range  ol  about  '  .>00  feet  with  that  ami  effeittxelx  measure 
w  1  ml  or  vo r t  ues. 
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i 1  k .  i  v  ,  hero  .ho  .1  foil  pictorials  o  I'  (lie  in  si  vie  ot  t  lie 
Mint's  the  computer  .it  the  end  (figure  AO).  Mi  i  s  the  scanning 
electronics  (figure  SO),  lh.it 's  t  lie  computer  display  inside 
(figure  SI).  Again,  the  man  lias  to  he  in  t  lie  circuit  in  order  to 
make  this  thing  work.  We  hate  to  physical  It  locate  the  vortex  hv 
ha tiU.  We  cannot  find  it  with  the  computers.  We've  tried.  We've 
done  it  inant  times,  and  we  have  not  been  able  vet  to  get  an  offoe 
tive  tracking  algorithm  to  follow  those  signals. 

these  are  pictures  of  the  scanning  optics  inside  (figures  S2 
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square  box  on  the  lefthand  side  with  the  hole  coming  through  here. 

1  he  laser  beam  actual 1\  comes  out  through  here  and  is  transmitted 
back  out  through  those  optics. 

Well,  that's  kind  of  a  whirlwind  tour  through  the  sensors, 
but  effect ivelv  I  think  we  can  sav  that  if  we  had  to  pick  a  sensor 
todav  an  operational  sensor  we'd  lean  toward  wind  sensors. 
Neither  laser  nor  acoustics  have  proved  econom i ca 1  1  \  practical. 
Ihev  haven't  proved  tecluticallv  feasible  from  our  standpoint  for 
an  operational  sensor. 

We  feel  that  the  anemometer  has  promise.  We  haven't  vet 
learned  how  to  measure  strength  with  an  anemometer,  although  we 
feel  it's  possible.  We  haven't  vet  learned  how  to  monitor  a  track 
with  an  anemometer  and  get  positive  i  den t  i  f  i  ca t  ion  of  a  vortex  and 
not  be  fooled  In  noise  and  other  ambient  turbulence. 
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he  feel  that  it's  within  t he  realm  of  reality.  We've  worked 
on  a  tracking  algorithm  with  M.I.T.  and  have  one  that  we  feel  is 
near  being  operable.  I  think  in  a  short  period  of  time,  if  we 
were  pushed,  that  would  he  the  device  we  would  lean  toward. 

Thank  you. 

MR.  TIN'SLTY.  We  don't  have  time  for  questions  now.  If  you 
have  questions  and  you're  not  going  to  be  at  our  workshop  tomorrow 
get  them  to  us  any  time,  and  if  they  are  of  general  interest, 
we'll  address  them  and  answer  them  in  the  close-up  tomorrow 
a  f ternoon . 

If  you  just  want  to  personally  talk  about  something,  we'll  be 
here,  ol  course,  for  the  cocktail  hour  and  then  all  dav  tomorrow. 


DR.  TYMCZYSZN,  JR.  :  This  is  the  operational  session.  I'm 

in  Flight  Standards  Service  at  FAA  Headquarters  in  the  Air -Carrier 
Division.  I'm  an  Aviation  Safety  Inspector  for  Air-Carrier  Opera¬ 
tions. 

My  dad's  an  Engineering  Flight  Test  Pilot  in  the  Western 
Region  Certification. 

Gene  Barlow,  who  will  be  our  first  speaker  is  an  Air  Traffic 
Controller  with  a  Terminal  Operation  Specialty. 

Gene's  been  in  terminal  ATC  operations  for  over  twenty-five 
years.  He  was  at  Washington  National  for  thirteen  years  as  a 
controller  and  a  supervisor;  four  and  a  half  years  at  Dulles  Tower 
as  a  supervisor;  eighteen  months  as  a  deputy  chief  of  the  Houston 
Tower;  and  then  three  and  a  half  years  at  Washington  Headquarters 
in  the  Aircraft  Operations  Division,  Terminal  Branch.  Gene? 

MR.  BARLOW.  Good  afternoon. 

This  morning  on  the  airplane  coming  up  on  Delta  Airlines,  I 
saw  their  company  magazine.  I  picked  it  up  and  leafed  through  it, 
as  customary,  and  there  was  an  article  in  there  by  an  author  who 
has  questionable  credentials.  It  said  he  was  a  free  lance  writer 
and  part  time  magician.  I  don't  know  what  significance  that  had, 
but  the  article  was  on  memory.  It  went  on  to  say  what  a  wonderful 
piece  of  machinery  the  human  brain  is,  and  that  it  retains  just 
about  one  hundred  percent  of  everything  a  person  experiences  in 
his  lifetime.  Though  most  of  it  is  in  his  subconscious,  it  does 
retain  that.  So,  it  is  quite  a  remarkable  piece  of  equipment. 

It  also  went  on  to  say  that  the  conscious  mind  will  retain 
about  ninety  percent  of  everything  it  sees  visually.  This  is  done 
by  a  number  of  tests,  similar  to  some  of  the  tests  that  these 
gentlemen  have  gone  through  today  and  it  indicates  that  the  spoken 


word  to  a  person  is  only  --  Well,  only  about  ten  percent  of  that 
information  is  retained,  and  for  that  reason,  folks,  I  don’t  have 
any  visual  aids  today. 

Okay.  I'm  speaking  primarily  for  the  Air  Traffic  Service. 

As  it  gets  right  down  to  the  bottom  line,  what's  it  going  to  do 
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the  air  traffic  service?  What's  it  going  to 
will  keep  my  remarks  rather  brief,  as  I  don' 
to  say  at  this  point  in  time. 
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What  will  the  YAS  do  for  those  of  us  in  air  traffic?  The 
experts  that  you  have  heard  today  say  that  it  will  increase  the 
runway  capacity  from,  I  believe,  three  to  six  aircraft  per  hour 
In  AT  we  don't  know.  We're  just  going  to  have  to  wait  for  the 
test  results  and  see  what  that  does.  So,  we  cannot  confirm  or 
deny  that. 


What  do  we  know  about  the  YAS?  From  what  we've  been  told 
and  so  forth,  keeping  in  mind  it  is  not  currently  operational 
at  O'Hare  nor  has  it  been  at  this  point,  we  know  that  seventy 
percent  of  the  traffic  landing  at  O’Hare  is  in  the  three  mile 
category  right  now.  That  is  a  minimum  of  three  miles.  You're  not 
always  going  to  find  them  at  three.  They're  going  to  be  three, 
three  and  a  half,  four,  and  sometimes  five. 

We  know  right  now  from  ten  years  of  research  that  the  surface 
winds,  based  on  an  annual  cycle,  indicate  that  we  will  have  a 
green  1  ight  condition  about  sixty-five  percent  of  the  time,  the 
daytime  hours  for  the  most  part. 

The  next  item  that  we  know,  and  this  is  because  the  decision 
has  already  been  made,  we  have  three  categories  of  aircraft: 

Heavy,  large  and  Small.  Small  aircraft  will  not  be  included  in 
the  YAS  separation  standards.  There's  not  enough  safety 
analysis  --  at  this  point  in  time  --  to  support  our  reducing  that 
separation  from  the  present  five  miles  on  final  approach  to  a 
minimum  of  three. 


It  would  he  tough  for  the  Cherokee  to  catch  a  ?4~  anyway  in 
that  five  or  six  mile  distance. 

Analysis  of  the  safety  factors  are  presently  limited  to  the 
area  from  the  final  approach  fix  outer  marker  to  the  runway.  So 
what  does  that  mean?  That  means,  we're  only  going  to  apply  VAS 
separation  from  the  outer  marker  to  the  runway. 


Non  precision  approaches  cannot  he  used  with  the  \  AS  separa¬ 
tion.  hliv.'  Verv  simple.  Non  precision,  the  pilot  pets  to  the 
outer  marker,  it  he’s,  cn  ,  making  a  localizer  approach,  and  lie 
dumps  \t  to  his  MiV-\ ,  he's  going  to  he  down  below  the  vortices,  and 
that  can't  be  tolerated,  so  non  precision  approaches  will  not  he 
pe rm i t  ted . 

\nother  problem  or  another  situation  that  we  know  about,  run 
wav  occupancv  during  wet  runway  conditions  and  strong  wind  condi¬ 
tions  is  increased,  and  when  this  is  increased,  it's  natural  for 
the  controller  to  increase  his  separation,  even  over  what  we  have 
now,  because  he  knows  the  lead  aircraft  is  not  going  to  get  off 
the  runway.  Ihat’s  a  cons i derat  i  on . 

Vi'R  conditions.  I  don't  think  anything  has  really  been 
decided  on  that.  \  gentleman  a  while  ago  in  his  speech  said  that 
there  might  he  a  likelihood  of  t  li  i  s  equipment  not  being  used  in 
Vi'R  conditions.  l  don’t  have  a  feel  for  that  ,  but  1  don’t  see 
win  not  because  we  run  just  as  much  traffic  in  VI-' R  conditions  as 
we  do  m  ll-'R  and  sometimes  more.  \t  O' Hare,  in  particular,  the 
way  thev  handle  visual  approaches  is  ,i  little  hit  different  from 
the  w.n  that  the\  handle  visual  approaches  at  other  locations 
because  they  control  these  airplanes. 

1  he v  put  them  on  a  base  leg,  tell  them  when  to  turn  in,  and 
tell  them  when  to  turn  final.  !'he\  hate  more  control  over  them 
than  normal  visual  approach- t ype  operations. 

One  of  our  concerns  is,  that  the  pilots  who  are  making  visual 
approaches  today  behind  the  lveavv  jet,  may  want  to  know  what  kind 
of  VAS  light  condition  exists,  if  it's  red  or  green.  If  vou  say, 
red,  he  might  think  twice  and  ask  for  more  separation. 

Okay,  surface  congestion  has  been  mentioned  twice  todav.  Of 
course,  all  of  this  is  an  integral  part  of  the  whole  operation. 

VAS  won't  work  without  everything  else  working  along  with  it. 
Additional  capacitv  will  compound  our  surface  congestion  problem. 

Not  too  long  ago  1  was  at  Atlanta,  and  one  of  the  carriers 
called  up  and  said,  "Mov,  we  don't  have  any  more  gate  space." 


1  ho  lower  said,  "ho  don't  havo  .1  plaoo  to  put  thorn  on  a  runway  or 
on  the  taxi-ways  either."  So  what  do  they  do,  they  go  on  the  hold 
for  every  airplane  belonging  to  that  carrier  because  they  didn't 
havo  any  gate  space. 

Another  situation.  If  the  load  aircraft  is  a  Heavy,  and  he 
elects  to  go  around,  or  execute  a  missed  .approach  for  any  reason, 
gear  warning,  hydraulic  problem,  plain  old-fashioned  missed 
approach,  if  the  trailing  aircraft  is  a  non- Heavy  and  h i s  separa¬ 
tion  has  been  reduced  below  the  normal  five  mile  separation  because 
of  the  green  light  condition,  then  we  must  send  him  around,  too. 

So,  you've  got  two  for  the  price  of  one  on  that  one.  If  the 
trailing  aircraft,  following  a  Heavy,  is  inside  the  outer  marker 
and  the  light  suddenly  changes  from  green  to  red,  then  he  must  go 
around.  I'm  contradicting  some  of  the  things  that  have  been  said 
previously,  but  these  are  things  that  have  been  determined  at  a 
later  date. 

What  kind  of  AT  procedures  are  we  going  to  use?  Kell,  I've 
spoken  to  that  just  a  little  bit.  Outside  the  final  approach  fix 
it  is  going  to  be  business  as  usual.  Safety  analysis  is  not 
available  to  support  us  reducing  separation  beyond  that  point  at 
this  time. 

Joe  will  speak  to  that  in  a  moment. 

We  have  situations  where  there's  a  need  for  level  flight  for 
speed  adjustment  and  spacing  and  stabilization  on  the  localizer, 
et  cetera,  therefore,  we're  going  to  have  to  have  the  separation 
unless  we  can  come  up  with  some  analysis  that  says  we  don't. 

This  system  will  not  guarantee  that  air  traffic  can  keep  a 
trailing  aircraft  at  a  higher  altitude,  because  of  that  reason. 

Now,  realistically  and  logically  if  everbodv's  on  the  guide  slope 
from  twenty  miles  out,  it  would  seem  that  you  could  close  the 
interval  up.  At  this  point  in  time  we  really  can't  guarantee 
that . 

Final  approach  fix  to  the  runway.  Our  position  in  that  is 
that  a  minimum  of  three  miles  radar  separation  can  be  authorized 


for  Heavies,  behind  a  heavy  and  a  Large  behind  a  Heavy  landing, 
making  it  touch  and  go,  or  stop  and  go  on  the  same  runway,  when 
the  VAS  indicates  a  green  light  condition. 

While  we're  talking  about  the  runway,  I  would  like  to  make  a 
comment.  I  believe  Hector  made  one  earlier  about  runway  selection. 
There  was  an  inference  that  it  might  be  possible  that  the  control¬ 
ler  would  select  another  runway  configuration  because  of  a  green 
light  condition.  I  believe  that's  not  a  likely  thing  to  happen 
at  Chicago  for  a  lot  of  reasons.  In  particular  if  you  change 
runway  configurations  at  Chicago,  the  delay  that  you  would  incur 
just  by  changing  runways  would  be  far  greater  than  any  benefit 
you'd  gain  from  using  a  green  light  situation. 

.Next  question.  From  the  outer  marker  to  the  runway,  how  are 
we  going  to  get  from  five  to  three  miles?  Okay,  probably  never. 

We  guess  probably  four,  four  and  a  half  miles  will  be  the  lowest 
separation  that  you  would  be  able  to  accrue  in  that  period  of 
time.  I  think  the  important  thing  there  though  is  the  fact  that 
in  the  green  light  condition,  you  can  be  assured,  pretty  well, 
that  it's  going  to  be  a  safe  approach,  and  that's  probably  the 
most  important  aspect  of  it. 

What  will  cause  this?  It's  compression,  at  O'Hare,  in  parti¬ 
cular,  they  tell  everyone  to  maintain  their  speed,  160  knots,  to 
the  marker.  So  when  they  get  to  the  marker  and  they  start  dump¬ 
ing  their  garbage  and  coming  back  on  the  power  a  little  bit,  and 
cross  the  threshold,  130  to  135,  depending  on  the  type  of  equip¬ 
ment,  T  suppose.  So,  you  will  get  some  compression  out  of  that. 

If  we  can  use  that,  the  controller  will  not  have  to  use  a  buffer 
that  he  uses  outside  and  announce  that  at  five  miles,  he  uses 
five  and  half  or  six  to  take  care  of  that  compression.  He  can 
pull  it  in  a  little  bit  closer  and  let  the  green  light  condition 
take  care  of  the  compression. 

As  far  as  additional  capacity,  we  don't  know  about  that  yet. 
We'll  just  have  to  wait  and  see. 
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Okay,  no \ t  mu' st  ion.  When  ilo  we  plan  to  go  on  the  operat  ion? 
Well,  we  really  don’t  have  any  firm  plans  right  now.  We’ve  been 
talking  about  it  just  briefly  in  the  last  couple  of  days,  but 
probably  March  or  April.  Now  that  seems  like  a  long  time  away, 
but  there  are  some  reasons.  Some  of  which  are  that  we  require 
forty  five  davs  minimum  lead  time.  Other  organizations.  I’m  sure, 
will  need  at  least  that  much  time.  We  will  need  at  least  forty- 
five  days  to  get  our  controllers  on  board  and  brief  them,  plus 
the  fact  that  the  weather  cond  i  t  ions  prior  to  that  are  really  not 
conducive  to  good  green  light  conditions  or  an  evaluation  of  those, 
because  you've  got  wet  runways  in  January,  l'ebruary,  March.  In 
March,  you  have  windy  cond  i  t  ions  a  ml  so  forth,  so  that  the  data 
that  will  be  collected  may  not  be  a  true  picture  of  what  you're 
reallv  looking  for,  and  that's  why  we're  thinking  about  March  or 
t  he  first  o f  \pr i I . 

Okav.  Potent  lal  problems  in  applving  those  procedures,  the 
double  go  around  situation  that  I  talked  about.  We've  talked  to 
O' lla  re  iust  a  few  moment  s  ago  I'm  sorry,  a  few  davs  ago,  on 
what  thev  can  live  with  and  they  said,  "Okay,"  considering  that 
on  1 v  about  IAtoIS  percent  of  t be  traffic  are  Heavies,  the  times 
that  we  will  have  a  situation  where  a  Heavy  will  go  around  are 
probablv  small.  We  don't  even  have  any  figures  on  it.  So,  they 
said  that  thev  could  live  with  a  double  go  around  unless  it  got 
to  be  a  real  problem,  and  then  we  would  just  have  to  do  something 
c  1  se . 

Single  go  mounds  are  another  problem.  1  explained  that  to 
you  a  while  ago.  If  the  trailing  aircraft  is  inside  of  the  outer 
marker  and  the  light  goes  red,  he  will  have  to  go  around. 

Another  problem,  pilot  non  acceptance  of  WAS  separation. 


Okav . 

we  have  that 

right  now  w 

i  t  h  wake  t  urbu 1  once  . 

We  have 

pi  lot 

s  that  say,  1 

want  ten  mi 

1  e  s  boh i  ml  t  he  “4  ” . 

Joe  says ,  okay 

Put  s 

h im  t  on  m i 1 e  s 

behind  him. 

Puts  a  lHd>  in  front 

o  f  h  i  m  .  So  , 

he  ge 

t  s  his  ten  mi 

1  es  and  he ' s 

happy,  ami  we  don't 

lose  any t  h i ng 

1  i  ke 

t  ha  t  . 

1  don't  know  wlt.it  will  happen  it  we  got  a  number  of  pilots 
that  don't  want  the  YAS  separation.  l’rohahlv  go  hack  t  o  business 
as  usual.  1  don't  know  how  the  airline  companies  feel  about  it  . 
whether  they're  go  ini;  to  accept  it  or  not.  he'll  have  to  see. 

Other  factors  and  some  of  these  were  alreadv  mentioned,  1 
believe,  and  Hector  had  some  on  his  view  graphs. 

Controller  acceptance.  he  don't  reallv  anticipate  am  con 
t  roller  problems  at  O'llare  from  what  I  understand  from  them, 
l'hev  have  a  prettv  good  understanding  of  it  and  would  have  no 
proh 1 em  accept  i ng  it. 

\nother  thing  that  we  have  to  consider  is  pilot  and  controlle 
training  and  f  am  i  1  i  a  r  i  .*  a  t  i  on  with  the  equipment,  and  then,  lastlv, 
once  we  get  all  this  done,  we're  going  to  have  to  publicize  it  in 
various  publications  and  in  the  firman's  Information  Manual. 

Thank  vou.  that's  all  I  have  to  sav,  gentlemen. 

HR.  TYMCZYSZYN  JR.  :  You  know,  when  my  dad  was  teaching  me 

to  fl\  one  day,  I  had  passed  the  outer  marker  on  an  IIS,  I  hadn't 
even  done  t he  after  takeoff  check  list,  let  alone  the  before  land 
mg  check  list,  the  gear  wasn't  down  ,  1  was  really  wax  behind  1 

final  lx  got  down  and  he  said,  son,  you're  ten  miles  behind  the 
airplane.  bet's  go  up  and  try  it  again. 


So 

we  did. 

I  d  i 

dn' t 

do  any  bet 

ter  that 

t 

i  mo , 

but 

i  h 

1  s  t 

i  mo 

1  actua 

1  1 

\  did  worse 

because  1  space 

d  mvs 

e  1  f 

V 

i  v 

•  u.i  I 

1  v 

1  KO 

111  1  1 

0 s 

belt  i  ml 

a 

"07,  and 

he 

sa  i d 

,  hov,  what 

a  re 

vou 

vl 

O  I 

in:  ? 

l\ 

0  V  0 

going  to 

get  k  i  1 

le 

d.  1  sa 

id . 

no  t 

me ,  Pop ,  1  ' 

m  t  en 

m  i  1 

l' 

s 

boh 

1  ltd 

t  1\ 

0  ;l  l 

V 

p  1  a  tie  . 

MR 

l  YMt'.'YS.: 

YN , 

SR  . 

Thank  you. 

Joe  . 

Th 
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i  s 

t  he 

1  i 

rst 

t  i  mo 

in  mx  1 

1  f 

e  that  I 

'vc 

had 

t  he  pr  i  v  i  1  e 

go  of 

nor 

k 

ini:  k 

i  t  h 

my 

son 

pro  less 

i ona II x  . 

It’s 

k  i  n 

d  o  f  a  t  h  r  i 

1  1  . 

lln 

do 

It b  t  ('d  l  \  , 

t  he 

mos 

t  i n  t  e re  s t  i ng  f 1 

i  gh t 

t  r 

■St 

j  oh 

\  n 

( l\o 

wo  rid  i 

s 

TAA  Cert 

i  f  i  c 

a  t  i on .  1  know 

the  d 

eve  1 
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o  f 

;\ 

nou 

f  i  gh  t  e  r 
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lane  for 

a  c 

ompanx  is  great 

and 

so  i 

s 

i 

.Uhl 
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on 

t  ho 

moon 

and  so 

on 

,  but  in 

t  he 

dev 

el  opine  it  t  of 

a  tie 

w  a  i 

r 

pi 

illU' 

x  ou  h 

iivo 

.1  lot 

of  specifications  laid  out.  Very  often  in  the  development  certi¬ 
fication  of  new  airplanes,  new  navigation  systems,  new  phenomena 
such  as,  wake  turbulence,  there  aren't  any  specs  to  go  by.  You 
have  to  think  the  problem  through  and  try  to  figure  out  what  the 
regulations  should  read  in  order  to  achieve  a  certain  level  of 
safety,  and  ever  since  I  got  involved  in  this  wake  vortex  business 
hack  in  the  days  of  the  SSI  when  we  knew  that  the  three  mile 
separation  was  out  the  window,  I've  given  considerable  thought  to 
i  t . 

So  the  things  we'll  talk  about  here  are  not  necessarily  the 
things  that  are  blessed  by  l-'AA,  but  I've  taken  them  and  discussed 
them  with  the  best  people  we  have  in  1AA  and  industry  and  NASA, 
and  we'll  give  you  the  very  best  answers  that  we  possibly  can, 
and  at  the  same  time,  we'll  be  trying  to  project  and  maybe  incite 
a  little  bit  of  interest  to  make  tomorrow's  workshop  a  bit  more 
interest i ng . 

Cert i f icat i on, opera t i on  and  environmental  aspects  of  wake 
vortex  alleviation  and  we  might  add  to  that,  the  same  subject  for 
a n  y  o pc  r a  t i o n  with  Y A S  o r  WV A S . 

I'd  like  to  restrict  my  remarks  to  those  items  that  apply  to 

virtually  all  swept-wing  jet  transports  since  the  spoiler  and 

flap  deflections  are  similar.  You've  seen  quite  a  few  view  graphs 
today  of  various  airplanes,  and  we'll  show  you  two  or  three  of 
them,  but  I  can  assure  you  that  the  7  4'’,  DC10,  1011,  the  air  bus, 
767,  and  so  on  are  very,  very  similar  in  regard  to  the  location 
of  spoilers  immediately  ahead  of  the  outboard  flap. 

The  second  point  we  want  to  make  is  that  alleviation  is 
potential  lv  applicable  to  other  than  Heavy  aircraft.  Ite’ve  sort 
of  gotten  into  the  rut  of  thinking  only  of  the  big  urban  airports, 
maybe  fifteen  or  twenty  of  the  large  airports  and  Heavies,  but 

since  airport  capacity  and  safety  may  be  enhanced  at  airports  with 

other  than  Heavy  aircraft,  it’s  something  that  we  ought  to  be 
thinking  about  also. 


lor  examp  1  o ,  Orange  Count  v  Airport  amt  Van  Nuvs  Airport  and 
Washington  National  are  all  equally  important  and  what  I'm  trying 
to  project  o  that  these  techniques  are  equal lv  applicable  to 
t  hem . 

Okay,  a  very  quick  plan  view  of  the  ~4~  shows  twelve  spoiler 
segments.  the  ones  that  we're  interested  in  are  the  ones  just 
outboard  of  the  outboard  flap. 


fhis  is  the  1011.  The  only  thing  different  about  that  is 
Lockheed  numbers  everything  from  the  center  outboard. 

This  is  the  new  7b",  and  you  see  that,  again,  the  spoilers 
are  located  ahead  of  the  outboard  flap.  If  you  look  at  the 
Russian  II. t>2  and  the  British  VC10  and  a  whole  bunch  of  other  air¬ 
planes,  you'll  find  a  great  deal  of  similarity  and  therein  lies 
the  secret  of  potential  attenuation  with  vortices. 

The  genius  of  Boeing  in  designing  t he  first  --  very  first 
707-AD,  the  3b7-\D,  has  shown  through  in  the  whole  family  of 
swept  - w i ng  a i rp 1 ancs . 

Now,  I'd  like  to  spend  just  a  little  bit  of  time  with  these 
small  separation  standards.  I  know  you  must  be  a  bit  tired  of 
them,  but  let's  look  at  them  and  see  where  they  came  from. 


The  box  on  the  left  shows  the  three  categories  of  airplanes, 
and  for  a  moment  I'd  like  to  skip  to  the  definition  of  these. 

The  Heavy  is  any  airplane  certificated  to  a  takeoff  gross 
weight  of  300,000  pounds  of  over. 

The  Small  airplanes  are  those  airplanes  certificated  to  a 
take-off  gross  weight  of  12,500  pounds  or  less. 

liverything  in  between  12,500  to  300,000  pounds,  is  called  a 
Large  airplane.  That's  a  ratio  of  24  to  1  in  terms  of  weight. 

Obviously,  you  have  either  excess  safety  for  some  of  those 
airplanes,  say  the  airplanes  that  weigh  290,000  pounds  compared 
to  those  that  weight  14,000  pounds,  or  putting  it  a  different  way, 
von  say  excess  separation  with  decreased  airport  capacity  for  a 
lot  of  the  large  airplanes. 
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In  the  beginning,  we  originally  worked  with  four  categories. 
The  dividing  line  was  roughly  150,000  pounds  which  was  the,  well, 
sort  of  the  upper  end  of  the  small  727  .  However,  think 
about  the  permutations  and  combinations  possible  with  four  cate¬ 
gories  of  airplanes. 

Note  also  that  this  term,  category,  class  and  type  get  to  be 
overused  in  FAA.  The  different  categories  for  ILS  approach,  and 
there  are  different  categories  for  wake  vortex,  pilot  ratings, 
and  so  on,  and  we're  hoping  that  one  of  these  days  we  can  put  all 
of  those  into  the  same  categories  and  have  the  same  definition. 

But  if  you  want  to  get  an  immediate  increase  in  airport 
capacity,  you  might  for  a  particular  airport  consider  seriously 
splitting  the  large  category  into  two. 

Okay,  if  you  look  at  the  long  term  goal  in  the  box  to  the 
right,  and  I  got  this  out  of  an  FAA  report  done  by  Mitre  Corpora¬ 
tion  in  .June,  1978,  June  of  this  year,  look  at  the  bottom  line. 
You'll  see  that  the  Small,  Large  and  Heavy  airplane  behind  the 
heavy  are  cut  down  to  exactly  one  half  of  the  present  require¬ 
ments  . 

That's  quite  interesting,  because  we  have  been  working  on 
the  concept  that  if  we  can  cut  the  separation  to  one  half  with 
equal  safety  to  what  we  have  today,  then  we  will  have  accomplished 
something.  So,  the  people  working  on  airport  capacity  and  the 
people  working  on  attenuation  are  not  too  far  apart. 

A  more  optimum  system  would  be  to  say,  let's  everybody  go  to 
a  three  mile  separation.  Therein,  I  like  to  point  out  in  the  next 
few  minutes  why  this  may  not  be  unreasonable. 

Based  on  the  tests  we  have  done  behind  the  747,  Kill,  and 
some  informal  testing  behind  the  C5A  with  lift  distribution  con¬ 
trol  system,  I'm  making  the  projection  that  this  reduced  separa¬ 
tion  can  be  achieved. 

Okay,  let’s  look  at  some  of  the  certification  problems,  the 
operational  and  environmental  aspects  of  it.  Handling  qualities: 
I'm  just  putting  one  sentence  down.  Jerry  Lundry  did  a  darn  good 


job  of  pointing  out  some  of  t be  details  of  it,  and  I'm  saying  that 
there  are  no  major  obstacles  forseen,  but  everything  there  requires 
a  review  of  the  trim  range  -  You'll  have  to  increase  the  trim 
range  of  the  trimmable  stabilizer  on  the  --P. You’ II  have  to  look 
at  the  stability.  You'll  have  t o  look  at  the  lateral  control,  one 
of  tin  problems  that  flivc  brought  out,  lateral  control. 

Suppose  we  come  up  with  the  "4"  with  spoilers  a  and  1  at 
fifteen  degrees,  and  you  use  these  for  lateral  control.  Obviously, 
you  don't  want  to  have  differential  spoilers  at  that  time,  but 
we'd  leave  that  to  the  genius  of  the  aircraft  manufacturers  who 
can  then  say,  okav,  let's  leave  that  at  fifteen  degrees.  Sav  1 
want  right  roll,  leave  the  left  wing  at  fifteen  degrees  extended 
and  apple  mo re  spoiler  deflection  to  the  right  wing,  and  keep  the 
same  roll  rate,  if  that's  what  you're  after. 

The  other  part  about  handling  qualities  is  that  in  the  land¬ 
ings  todav  with  the  74~'s  and  101  l's  with  gross  spoiler  deflec¬ 
tions  those  first  attempts  that  we  made  -  the  pilot  had 
absolutelv  no  trouble  with  landing;  none  whatsoever. 

Die  second  one,  the  biggest  one,  is  obviously  the  noise,  and 
it  had  me  worried  for  a  long,  long  time  because  we  were  using 
rather  gross  spoiler  deflections.  Now ,  our  noise  estimates  are 
reduced  from  one-half  d B ,  that's  actually  six-tenths  of  a  dll,  to 
three  dB,  and  the  sources  for  that  are  Lockheed  and  Boeing  in 
this  regard. 

The  ultimate  spoiler  deflection  for  good  attenuation  may  not 
be  too  far  from  what  the  Lockheed  101  1  has  lor  Mil',  Pel  (’room's  1 
configuration  using  three  spoilers  at  fifteen  degress  is  not  too 
far  different  in  terms  of  spoiler  volume  than  the  1.1011  has  for 
using  four  spoilers  and  nulling  about  seven  degrees.  In  any 
event,  the  1011  increment  for  the  spoiler  deflection  Pit'  on  and 
PLC  off  was  six-tenths  of  a  decibel. 

The  gross  configurations  wo  had  previously  were  three  dB. 

The  las  test  estimate  we  had  on  "cl  ('room's  latest  "I"  configuration 
that  we  hope  to  fly  behind  in  .January,  is  nine-tenths  ot  a  dB. 


A 


I 

i 
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Perhaps  that  would  be  acceptable  as  a  trade-off  for  increased  air 
port  capacity  and  safety  and  would  not  require  any  engine  treat¬ 
ment  for  quieting  the  airplane  down  again. 

Item  number  two,  the  increased  drag  on  final  approach  uses 
six  to  fifteen  percent  more  fuel.  The  basis  for  this  is  the 
flight  tests  that  we've  done  on  the  "4"  and  1011.  Khat  we  did 
was  take  the  1PR  and  fuel  flow  charts  for  the  configurations  we 
looked  at  and  went  into  them. 

The  1011  D(21  ,  if  that  represents  an  ultimate  hope  for  attenu¬ 
ation,  is  six  percent.  Now,  if  fuel  costs  fifty  cents  a  gallon, 
then  each  two  and  a  half  minute  ITS  approach  will  cost  between 
two  dollars  and  five  dollars  more  per  approach,  and  1  don '  t  think 
that  anyone  can  argue  the  cost  effectiveness  of  numbers  like 
t hat  . 

Another  thing  about  the  drag  is  that  it  has  charactcrist ics 
that  have  become  the  favorite  of  a  lot  of  pilots.  One  of  the 
nicest  things  about  the  It'll  is  the  Pit'  and,  again,  we'll  talk 
on  this  a  little  later. 

Item  number  three,  a  safer  airport  environment.  If  you 
reduce  the  energy  concentration  from  the  vortices,  it  allows  for 
safer  movement  of  small  aircraft.  Okay,  what  do  I  mean  by  that? 
About  two  or  three  weeks  ago  up  in  Seattle  at  Boeing  Field,  a 
"4"  rotated  and  a  182  was  parked  on  the  taxi -way  120  feet  away  and 
it  flipped  it; the  vortex  from  the  take-off  rotation  flipped  it. 
Kell,  obviously,  that's  take-off.  It's  a  bit  stronger  than  land¬ 
ing,  but  there's  nothing  preventing  strong  vortices  in  a  landing 
configuration  from  inundating  the  approach  end  of  the  airport  and 
causing  a  problem  to  both  light  airplanes  and  helicopters. 

So,  as  soon  as  you  diffuse  the  energy  in  a  vortex,  retain  the 
same  vorticity  but  just  kind  of  scatter  it  out,  you  create  a 
safer  airport  environment. 

The  next  one,  less  potential  effect  of  vortex  impingement  on 
alpha  and  Q  sensors.  As  we  get  into  the  more  exotic  airplanes 
with  reduced  static  margins,  energy  efficient  airplanes,  you'll 


find  more  and  more  of  them  will  be  flown  with  extra  sensors.  A 
lot  of  our  modern,  sophisticated  airplanes  have  alpha,  angle  of 
attack  sensors, and  Q  sensors,  auto- land  sensors  and  so  on. 

Now,  can  you  imagine  one  of  these  sensors  being  impacted  by 
a  vortex  tube,  say  two  or  three  feet  in  diameter  and  with  velo¬ 
cities  of  two  to  three  hundred  feet  a  second  --  they'll  go  crazy. 
All  you  have  to  do  is  stick  the  nose  of  a  hear  Jet  into  one  of 
these  tilings  and  you  get  stick  shaker  and  stick  pusher  and  every¬ 
thing  else  all  at  once.  The  same  way,  you  stick  the  tail  of  the 
707  or  990  into  it,  and  impinge  on  a  Q  sensor  and  your  rudder  goes 
crazy. 

So,  what  I'm  saying  is  that  as  you  emasculate  the  vortex 
strength,  you  cause  a  reduction  in  its  concentration  and  create  a 
safer  airport  environment  for  all  aircraft  operating  in  that  area. 

Okay,  item  four,  the  less  potential  damage  from  engine  inges¬ 
tion  of  concentrated  vortices.  This  has  been  a  favorite  of  mine, 
and  I'm  having  great  deal  of  difficulty  convincing  our  FAA  pro¬ 
pulsion  people  that  we  need  to  consider  this  very  strongly.  But 
consider  first  of  all,  that  a  DC  10  engine,  for  example,  has 
about  two,  two  and  a  half  times  the  thrust  of  a  DC  8  engine.  But 
its  potential  for  picking  up  birds  and  picking  up  vortex  tubes, 
is  some  five  to  seven  times  greater  because  of  its  area.  You  have 
more  chance  of  picking  up  a  vortex  tube. 

In  addition,  you  have  a  short  inlet.  The  compression  distor¬ 
tion  allowances  of  the  more  sophisticated  engines,  the  high  by¬ 
pass  ratio  engines,  is  probably  not  as  good  as  the  old  engines. 
Therefore,  you  can  get  compressor  stall  and  flame  out. 

We  have  examples  of  this.  A  C141  behind  another  141  about  a 
mile  away  had  three  compressor  stalls  and  a  flame  out.  We  posi¬ 
tion  a  Convair  990  about  a  mile  behind  a  104,  a  little  tiny  104 
with  a  vortex  tube  that  big,  killed  number  three  engine. 

There's  a  report  of  an  SAS  747  going  out  of  J.F.K.  some  ten, 
fifteen  miles  in  a  climb-out  behind  another  747,  he  had  compressor 
stall  and  flame-out.  He  suspected  wake  turbulence,  and  he  had  to 
come  back  to  J.F.K. 


1  111'  problem  here  is  that  it’s  ven  difficult  to  track  these 
things  down.  he 1  re  talking  about  those  things  that  we'll  bate  to 
look  at  in  the  eer t  i  t  i  e a t  i  on  phases.  \ow,  when  wo  look  at  rodm 
ing  separation  In  any  means,  whether  its  \  \s  or  lv\  AS  or  attenua 
tion.  the  instant  that  you  sav  vou  want  to  reduce  separation,  we'd 
better  start  looking  at  potential  engine  problems. 

hive,  greater  freedom  for  airport  riinwav  taxi  design  Knouts. 

\s  you  reduee  the  concent ra t i on  again,  a  lot  of  airports  don't 
have  the  real  estate  to  have  a  hundred  and  lift'  foot  lateral 
distance  between  runwavs  and  taxi  wars  for  large  airplanes,  and 
two  hundred  tor  Heavies.  Ibis  gives  von  a  little  safer  environ 
me  lit  to  move  these  airplanes  around. 

Okav,  in  terms  of  performance ,  vou  can  go  on  and  on  here, 
basically,  landing  climb  performance  on  the  '■l'.  even  with  gross 
spoiler  extensions  was  no  problem  since  landing  climb  is  an  all 
eng i ne  cond i t  i on . 

However,  there  is  no  reason  to  even  consider  that .  but  in  terms 
ot  performance  the  most  important  single  considorat  ion  is  that  1 
tool  alter  a  great  deal  of  discussion  with  our  flight  test  porter 
m.ince  engineers,  that  no  increase  in  landing  approach  speed  need 
be  tolerated,  and  no  increase  in  landing  distance  need  be  accounted 
for  it  we’re  talking  about  the  kind  of  spoiler  del  lections  that 
we  tool  will  be  achieved  to  get  the  desired  attenuation. 

Ihe  basis  of  this  is  the  ce  r  t  i  t' i  ca  t  i  on  of  the  Ill'll  and  !H'  1  0 
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increasing  the  vortex  for  the  guv  behind  vou,  but  Hone  talked 
about  the  necessity  of  sending  two  guvs  around  if  the  first  has 
to  go  around. 
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rhere  arc  several  provisions  on  this, 
spoiler  retraction  at  approximated  the  stall  speed  or  roughly 
1.15  times  the  stall  speed  he  programmed.  I  went  hack  into  avia 
t i on  history  and  found  five  FAA  reports  where  we  looked  at  the 
landing  touchdown  speeds  for  transport  airplanes  and  invariably 
the  airline  transport  pilot  is  interested  in  landing  between  a 
thousand  foot  marker  and  a  fifteen  hundred  foot  marker.  believe 
me,  they  don't  get  a  bonus  for  the  smoothest  glide  on  landings, 
they  want  to  put  it  down  on  the  same  spot  on  the  runway.  They 
touchdown  something  like  I.J5  times  the  stall  speed. 

There's  nothing  wrong  with  landing  with  the  spoiler  volume 
that  we  have  been  talking  about.  Therefore,  we  reason  that 
there's  no  reason  to  figure  that  you  have  lost  some  C.  and  you 
have  to  have  a  higher  landing  approach  speed. 

Kc  don't  account  for  it  in  a  1011  or  DC  10  cert  ification.  1 
might  add  that  even  though  the  IH’10  was  certificated,  it  never  si  i  si 
go  through  to  completion  for  other  reasons. 

Item  number  two,  no  loss  in  landing  climb  pertormance  deemed 
necessarv,  provided  that  auto  spoiler  retraction  be  programmed  tor 
go-around  procedures,  and  this  item  does  neosl  development. 

Ke're  going  to  have  to  work  very,  very  carefully  with  air  trattic 
control  in  order  to  work  up  the  procedures  for  this. 

Item  number  three,  there  are  other  advantages  of  extended 
spoilers.  first  of  all,  it's  akin  to  direct  lift  control  in  the 
wind  shear,  and  Clive  mentioned  one  ot  the  problems  there,  but 
t'ortunatelv,  wake  turbulence  atul  wind  shear  don’t  occur  at  the 
same  moment.  They  are  on  opposite  etuis  ot  the  spes'trum.  Uoner 
allv.  wind  shear  occurs  during  periods  of  very  high  wind,  atul  wake 
turbulence  generally  occurs  in  relatively  lesser  winds. 

faster  thrust  response,  instant  lift  --  The  summary  of  it  is 
that  von  have  a  safer  airplane  with  a  spoiler  extension  during 
final  approach. 

I'd  like  to  mention  these  other  operational  ce r t i f i cat  ion 
items,  particularly  for  the  workshop.  One  is  the  helicopter's 
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vortex  generator.  A  Bell  205  at  Van  Nuys  not  too  long  ago  with  a 
southeast  wind  blowing,  came  in  and  made  a  ISO  degree  turn  and 
landed  and  the  vortex  blew  over.  It  caught  a  150  at  landing 
approach  and  destroyed  the  airplane. 

The  second  is  the  explosive  growth  of  helicopter  1 PR  usage. 
Helicopter  IPR  in  a  beautiful,  new,  twin  turbine  helicopter  is  at 
the  same  point  in  development  that  the  executive  jet  was  some 
eighteen  to  twenty  years  ago.  There  arc  five  new  beauties.  So, 
there's  a  big  push  on  for  helicopter  ll'R  usage,  and  we've  certifi¬ 
cated  some  of  them,  and  vou  fly  exactly  the  same  IIS  that  an 
airplane  does.  So  that  guy  now  has  a  threat  from  the  airplane 
ahead  of  him. 

The  third  item  is  vortex  impingement  on  a  glide  slope  during 
temperature  inversion.  1  wish  1  knew  more  about  the  life  of 
vortices  during  inversion  conditions.  I  do  know  after  tracking 
quite  a  few  of  them  that  we  cannot  depend  on  the  vortex  trail 
going  down  and  staying  there  during  unstable  atmosphere  condi 
t ions . 

The  last  accident  on  Memorial  Pay  at  1 .A.,  an  experienced 
pilot,  two  and  half  miles  behind  a  "0"  YPR,  said  that  he  was  we  1 1 - 
above  the  glide  slope  and  a  70"  pilot  was  on  it,  but  he  still  got 
flipped  and  the  airplane  was  destroyed. 

Item  four  is  one  of  my  favorites,  and  that  is  an  electronic 
or  barometric  bias  for  general  aviation  and  helicopter  ITS 
receivers.  With  the  genius  we  have  in  this  country,  I  don't 
quite  understand  why  we  all  have  to  fly  the  same  glide  slope.  If 
you  can  imagine  a  glide  slope  antenna  sticking  out  on  a  stick 
one  hundred  feet  below  your  airplane  for  general  aviation  air¬ 
planes,  vou  would  have  one  heck  of  a  lot  safer  appraoch. 

Combine  that  with  displacing  the  threshold  for  genera!  avia¬ 
tion  and  executive  aircraft,  and  you  see  that  you'll  solve  the 
problem  at  least  for  the  landing  part  of  it. 
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Six  --  Okay.  These  are  other  items  that  we're  thinking 
about,  and  I  will  have  a  little  more  time  for  tomorrow  during  the 
workshop . 

Thank  you. 

DR.TYMCZYSZYN  JR.  :  1  want  to  clean  up  a  couple  of  items 

on  YAS. 

Volume  One  of  the  Safety  Analysis  that  Jim  Hallock  talked 
about  is  being  circulated  for  comment.  We  don't  have  most  of  the 
comments  in.  We  hope  they're  favorable. 

Volume  Two,  the  Laser  Van  Data,  hasn't  even  been  published 
yet,  but  Wood  and  Hallock  have  told  me  that  it  looks  pretty  good. 

Assuming  that  these  are  accepted  by  the  industry  as  valid 
proofs  of  the  safety  of  VAS,  we  will  start  up  around  April  1st. 
This  is,  as  I  said,  pending  acceptance  by  the  industry  of  the 
safety  analysis,  however,  we  still  plan  to  give  a  pilot  who  does 
not  believe  in  VAS,  increased  separation  if  he  requests  it. 

But,  of  course,  if  most  of  the  pilots  didn't  believe  in  it 
and  wanted  to  increase  separation,  i,  would  defeat  the  program. 

So,  that's  why  we're  trying  to  get  people  to  accept  the  safety 
a  n  a  1  y  s  i  s . 

If  there  is  an  incident,  some  pilot  using  VAS  calls  in  and 
says  that  he  got  flipped  or  he  had  a  big  problem,  we're  going  to 
stop  VAS  right  then  until  we  can  investigate  and  find  out  what 
happened . 

One  good  thing  about  VAS  is,  we've  already  got  the  low  level, 
wind  shear  alert  system  funded  and  moving  ahead,  and  it  used 
anemometers,  too.  I  won't  explain  it  in  detail,  but  by  converting 
the  low  level,  wind  shear  alert  systems  to  VAS  systems,  which  we 
are  trying  to  do  now,  we've  got  a  lot  of  leverage. 

There  are  seven  low  level,  wind  shear  alert  systems  in  opera¬ 
tion  now;  seventeen  more  by  the  summer  of  '79;  thirty-four  more 
by  summer  of  '81.  So,  we've  got  a  big  potential  for  a  lot  of 
YAS's,  if  we  need  them.  We  don't  have  to  justify  the  whole  cost 
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ot'  tho  \  \s  ha^oil  on  the  \  \S  because  wo  have  the  anemometers  in 
p l ace . 
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and  more  training.  Also,  there’d  he  a  larger  chance  of  an  error 
for  a  pilot  forgetting  to  press  the  alleviation  button  which  would 
he  dangerous  for  the  guy  behind  him. 

there  are  just  two  operational  problems  with  HAAS  that  1 
wanted  to  mention  which  we  can  discuss  tommorow.  One  is  how  late 
can  a  flight  crew  or  controller  wait  on  an  approach  to  find  out 
that  lie's  got  to  go  around,  either  due  to  the  vortex  failing  to 
clear  out,  or  say,  the  lead  aircraft  not  clearing  the  rumen".’ 

Secondly,  with  HAAS  we  have  the  possibility  of  adaptive 
spacings  depending  upon  the  wind  and  the  other  tvpes  of  aircraft 
and  so  forth.  fhere  vou  would  have  a  situation  where  the  pilot 
and  the  controller  were  in  the  dark  about  what  their  spacing  was 
going  to  be,  because  it  was  chosen  in  real  time  by  a  computer, 
and  it  might  be  a  tough  thing  for  a  pilot  or  a  controller  to 
hand  1 e . 

Now,  alleviation  1  want  to  talk  about  certifying  that  the 
following  aircraft  is  safe  to  fly  \  miles  behind  the  alleviated 
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Now ,  we  ili'n' t  knoll  right  uni'  what  kiinl  i'l  .1  i  oil  ifii  .i 
tion  program  this  would  require.  he'd  I  i  kr  1 1>  disruss  il  in  t  hr 
workshop.  Ho  expert  that  M  will  hr  a  r omh t  mi  t  i on  ot  tlirrr 
things:  ('nr  won  l  d  hr  I  I  ii ;  h  t  t  r  s  t  •• ,  I  i  k  r  t  hr  ours  that  hair  t  a  kr  n 

plair,  i  in  I  ml  i  iii;  landing;  anotlirr  would  hr  a  saleti  analisis. 

Iikr  .  1  i  tn  llalloik  has  ilvinr;  third,  wotilil  hr  t  hr  lasrr  van  mrasurr 

mi'll  t  . 


there  i  a  romp l ira t ion  m  this,  ami  t  hr  V  \K  saleti  analisis 
was  ha  soil  c.riirra  I  1 1  on  not  hitting  t  hr  vort  r  \  ,  hut  with  t  hr 

a  I  I  r  \  i  a  t  i  on  t  hr  vort  r\  in  a  i  hr  hr  n  i  gn  r  noug  h  in  o  rdr  r  to  li  i  I  i  1  on 

a  t’rrqiiont  basis;  hut  wr  would  hair  to  Jr  l  i  nr  what  benign  enough 
ini' a  ns,  ,i  nil  1  think  wr  nrrJ  NASA  hr  Ip  lor  that. 

i'tu'  pos  s  i  h  i  I  i  t  v  that  wr  hair  is  r  e  r  t  i I  i ra  t i on  o  I  t  hr  sal’rt  v 
of  t  In-  io  1  I  our  r  tor  r \ amp  I  r  ,  pr  r hap s  with  alleviation  a  I 
ii’iilil  hr  mortified  so  to  sprak  as  a  large  ami  not  a  Draw.  In 

o  t  hr  r  wo  ill  s  .  with  this  a  I  I  r  i  i  a  t  i  on  it  won  1 J  n  ’  t  i  iratr  am  mo  rr 

I  on  in's  than  a  large  toJai.  So,  lor  example,  Northwest 
\vh  iih  i  a  ‘  I  I  1  1 1’  h  t  .  won  1 J  no  l  on  go  r  rr  po  r  t  into  t  hr  i  out  rol  Ins 
a  .  Northwest  '  Heavy;  thrv  just  ri'port  in  a  Northwest  i ,  ami  that 
wa\  the\  ron  III  hr  jMirn  spar  ini',  o  I  large  a  i  reraft. 


It  wonlil  hr  somewhat  simple  to  hainllr.  the  rontrollrrs 
wonliln't  have  am  partirnlar  prohlrm  with  it.  Hist  eliange  the  rail 
sign  a  ml  i  ha  nr.  r  t  hr  flight  strip  that  i  ,  i  I  the  a  I  1  e  i  i  a  t  i  on 
wor  k  .  ami  wr  ran  r  r  r  t  i  I  i  it. 


ritrre  are  a  lew  rompl  irat  ions.  t'nr  i  it  the  "I' 
rrrrrtil  irJ  into  the  Large  ratri’.orv  haJ  to  Jo  a  in  is  snl 
ami  s  topped  a  I  1  r\  i  a  t  i  nr.  ,  then  i  t  '  no  longer  a  large, 
perhaps  wr  need  a  ionlirm.it  ion  to  t  hr  rout  roller  or  to 
hi'li  i  ml  or  someone  that  the  alleviation  is  realli  hr  ini; 


w  li  i  r  h  w  r  1  v  e 
a  pp  roar h 
I  hen  . 
t  III'  pi  lot 
t  n  rui'il  on  . 


i'l  ronrsr,  in  the  future  alleviation  might  get  so  good  that 
vi'u  i  i'ii  lil  vert  it  v  tlir  ’-i"  not  in  the  large  r  lass  hut  in  the  Small 
ami  III  three  miles  behind  it.  or  in  the  tinv  eatogorv  and  III 
two  ami  a  halt  miles  behind  it. 


\s  prei  iotisl\'  discussed  todax  ,  wo  mav  w.mt  to  redet  i  iu'  Heavy, 
I  .uul  Small  based  on  I  ho  vorto\  strength  on  appro. toll  anil  land 

tng,  tatlii't  than  todax's  svstom  of  just  taking  the  maximum  take 
oil,  g loss  weight,  which  iloosn't  havo  that  mueh  to  ilo  with  what's 
going  on  m  l  aniline.  I'h  at  wouhl  a  or  omp  1  i  sh  two  goals,  it  would 
muho  tho  system  moro  effective  ami  rational,  ami  it  would  tako 
alleviation  into  aooount.  So,  a  'I  that  was  alleviated  oouKl  ho 
i  a  1  l  oil  a  l.a rge  o r  Sma  1  I  . 

I  ilouht  that  wo  ioiiIiI  ilo  this  without  NASA  ho  I  p ,  ami  I'd  Itko 
to  discuss  it  in  tho  workshop. 

Kith  KA  \S,  wo  might  have  adaptive  spacings  so  that  ai  reraft 
would  ho  certified  to  not  v,  I,  S,  t>  milos,  hut  A.  I  milos  get 
it  down  that  close.  In  aild  i  t  ion,  thoro  might  ho  a  nooil  tor  two 
nttmhors  to  iloso  r  i  ho  a  given  airplane,  wako  vortox  wise. 

Ono  is  tho  load  aim  rat  t  and  otio  is  tho  follower.  l  or 
example,  tho  Concorde  puts  out  a  von  strong  vortex,  hut  as  a 
toll ow oi  ,  it's  not  as  good.  It  has  sin  h  a  short  wingspan  that 
it  ran  ho  omorsod  in  a  vortox  and  it  doesn't  have  as  much  ability 
to  ho  a  tollowoi  as  another  airplane  that  puts  out  as  strong  a 
v  or  t  o  x  as  it  does  . 

Chore's  an  interesting  side  light  hero,  that's  with  MIS.  It 
\ on  havo  different  throe  I'  paths,  then  it  roallv  makes  tho  safotx 
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Alternative  number  one  is  for  FAA  to  push  this  very  strongly. 
Say  that  in  order  to  foster  aviation,  we've  got  to  push  rule- 
making.  We've  got  to  put  out  an  ANPRM  requiring  alleviation  for 
all  such  aircraft;  new  aircraft  hv  such  and  such  a  date,  and  after 
another  date,  we  require  a  retrofit. 

Now,  if  we  had  done  this,  1  guess  I  wouldn't  have  had  to 
inject  the  following  comment  and  say  that  FAA  is,  you  know, 
neglecting  wake  vortex  --  neglecting  alleviation.  However,  I 
frankly  think  that  if  we  did  put  out  an  ANPRM  now  stating  that 
type  of  thing,  that  we'd  get  an  overwhelming  number  of  boo's 
from  the  airlines  and  the  aircraft  manufacturers. 

1  definitely  want  to  discuss  this  tomorrow. 

Another  thing  would  be  to  test  the  water  with  the  ANPRM. 
bet's  put  that  out  and  get  some  comments  and  then  decide  what  to 
do  after  that. 

Another  thing,  another  alternative  would  be  for  FAA  to  wait 
around,  take  no  particular  rule-making  action  now  and  then  wait 
until  the  airlines  came  to  us  saying,  damn  it,  this  thing  has 
favorable  economics  and  we  need  it,  and  the  reason  that  we  need 
rules  is  to  keep  it  fair  among  airlines.  So  that  Airline  A 
wouldn't  spend  a  lot  of  money  modifying  their  fleet;  Airline  B 
not  spend  a  penny  and  have  both  of  them  reap  equal  benefits.  It 
wouldn't  be  fair  to  the  guy  that  paid  for  the  alleviation. 

There's  still  some  inherent  unfairness  in  the  system.  For 
example,  Pan  Am's  fleet  is  mostly  Heavies,  and  Allegheny's  fleet 
is  mostly  DC9's.  So,  you  know.  Pan  Am  would  pick  up  a  lot  bigger 
cost  than  Allegheny  to  accomplish  the  same  benefits. 

Also,  there  is  a  question  of  foreign  operators.  Alternative 
four  isn't  strictly  rule-making;  it’s  more  FAA  policy.  We  could 
base  landing  fees  or  encourage  operators  to  base  landing  fees  on 
the  amount  of  time  an  aircraft  ties  up  a  runway.  So,  if  it  ties 
up  six  miles  behind  it,  charge  it  twice  as  much  as  an  aircraft 
that  ties  up  three  miles. 


Now ,  the  fifth  alternative  is  more  in  t  lie  form  of  an  advisorv 
eireular  rather  than  a  rule.  flight  Standards  could  put  out  advi 
sory  circular  on  how  to  recertify  a  Heavy  as  a  Large  or  a  Small 
for  the  purposes  of  wake  vortexes. 

Then  we  could  let  the  aircraft  manufacturers  or  the  airlines 
do  as  they  please  about  that.  Of  course,  with  our  manpower 
shortages  and  our  normal  ten  of  doing  business,  we  don't  normally 
write  advisory  circulars  unless  we  have  serious  applicants,  hut 
this  would  he  the  way  to  go  without  twisting  arms.  It  would 
provide  a  means  for  people  to  pay  their  monev  and  get  benefits. 

Now,  on  a  number  of  these  things,  in  terms  of  cert  ification, 

1  don't  reallv  think  we  can  do  it  without  NASA's  help.  IVe  got  the 
bad  news  from  A 1  ties  sow  iust  this  morning  well,  some  of  us  knew 
it  before  that  \ ISA's  about  ready  to  stop  putting  monev  in  this 
on  a  large  sea le.  So,  l\\  is  going  to  have  to  show  increased 
interest,  and  I  think  that's  going  to  mean  increased  monev,  too. 

flight  Standards  doesn't  have  any  monev  for  doing  develop 
ment.  So  that  means  that  flight  Standards  would  have  to  ask  f  T( 

P  tv’  help  set  up  programs  with  us  and  NASA  tv’  do  some  of  the 
certification  work  for  wale  vortex  a!  lev  iation. 

So,  Neil  and  Have  and  Sig,  I'm  afraid  you're  going  to  get 
‘1550's,  letters  from  LSI  asking  for  financial  help,  in  addition 
tv’  manpower  on  set  t  ing  up  the  studies  and  development  for  the 
operational  and  certification  aspects  of  alleviation. 

The  last  item  is  separations  less  than  three  miles.  Ibis  is 
the  purpose  The  purpose  of  the  conference  is  not  separations 
less  than  three  miles,  but  we  all  know  it ’s  a  goal,  and  it  deli 
nitelv  can’t  be  ignored  in  a  meeting  like  this,  especially  with 
Air  Traffic  and  Flight  Standards  people  here.  One  of  the  members 
of  the  audience  is  Ralph  Irwin  of  hoeing,  sitting  over  there,  and 
he  had  an  article  in  this  month's  issue  of  Aeronautics  and  Astro¬ 
nautics.  Here  is  a  graph  that  shows  potential  benefits  of  going 
to  short  rtinwav  occupanev  limit  separations,  which  is  about  forty 
seconds  or  a  mile  and  a  half.  There  are  main  benefits  from  it  , 
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hut  there  arc  many  safety  problems  stub  as  operations  aeeeptanee 
from  pilots  and  controllers. 

So,  I  propose  that  tomorrow  we  discuss  t  lie  What  we  need  i 
to  yet  pilot  and  controller  acceptance  for  separations  less  than 
three  miles,  for  a  short  enough  t  ime  not  to  detract  from  t  lie 
primary  purpose  which  is  wake  vortex,  hut  a  long  enough  time  to 
air  the  issues  and  com  inco  the  people  we  are  worried  about  it. 

flint  completes  my  talk.  I  guess  I'll  turn  it  oxer  to  Boh 
hod  an  or  ken  Hodge. 
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MR.  IIODGT.  In  Session  6 ,  we  hope  to  get  the  workshop 
organization  covered  here  a  little  hit  and  permit  you  to  have  an 
introductory  meeting  with  the  chairman  of  your  workshop  before  the 
bar  opens  tonight.  The  bar  will  not  open  before  six,  so  I  assure 
you  that  Bob  and  1  will  be  fairly  brief.  For  those  of  you  who 
have  signed  up  and  registered,  you've  received  in  your  registration 
kit  a  piece  of  paper  that  tells  what  the  three  workshop  titles  are 
and  where  they  will  meet,  and  from  your  final  agenda  program  you 
know  who  the  chairmen  arc,  but  in  any  event  there  arc  some  people 
here  who  are  not  registered  and  who  did  not  sign  up  for  a  particular 
workshop.  .Just  let  me  go  through  them  very  briefly. 

The  first  workshop  is  entitled  Wake  Vortex  Alleviation  at 
the  Source.  The  chairman  is  .Joe  Stickle.  You've  seen  .Joe  up  here 
at  the  rostrum,  so  you  know  who  he  is.  The  meeting  will  be  held  in 
the  Management  Information  Center  on  the  twelfth  floor  of  this 
bu i 1 d i ng . 

The  second  workshop  is  entitled  Development  of  WYAS  on  the 
Ground,  and  the  chairman  is  Guicc  Tinsley.  Colonel  Tinsley  was  up 
here  before  and  will  host  that  group  on  tlie  ninth  floor  in  Room 
94  7. 

The  third  workshop  is  entitled  Operational  and  Safety 
Procedures  and  Joe  Tymczyszyn,  .Jr.  is  the  chairman.  That  workshop 
will  met  in  Room  1120  on  the  eleventh  floor. 

I  would  also  suggest  that  where  a  company  or  an  organization 
may  have  more  than  one  representative  here,  that  perhaps  you  might 
distribute  yourselves  between  the  workshops  in  order  to  provide 
perhaps  the  broadest  base  of  representation  to  the  workshops. 

The  workshops  will  meet  to  review  the  issues  and  questions 
in  the  i  i-  various  areas  of  concentration  and  in  a  few  minutes  Bob 
Wedan  will  talk  a  little  bit  about  the  philosophical  issues.  But 
1  think  that  it's  very  essential  that  you  meet  with  your  chairman 
to  discover  what  workshop  ground  is  to  be  covered  and  the  scope. 

It  may  be  that  there's  additional  scope  that  needs  to  be  identified 
tonight,  so  that  when  you  meet  tomorrow  at  10:30,  we'll  cover  all 
the  essential  points. 
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Now,  after  Bob  and  I  are  through  here,  you  will  meet  in  your 
respective  rooms  with  the  chairmen,  and  there's  nothing  that  says 
you  have  to  break  immediately  at  1800  to  meet  in  the  bar.  You  can 
go  a  few  minutes  beyond  that,  1  think,  if  you  need  to. 

Then,  again,  you  regroup  tomorrow  at  10:30,  after  having 
heard  here,  as  openers,  the  views  of  the  various  interested 
organizations  and  groups.  Please  note  that  the  bus  leaves  the 
hotel  at  7:45  tomorrow,  rather  than  8  o'clock. 

The  output  of  these  workshops  will  be  reports  back  to  Bob  and 
myself  tomorrow  to  be  presented  starting  at  3  p.m.  and  we've 
allowed  thirty  minutes  per  workshop.  We  will  provide  support  to 
the  workshops  for  making  view  graphs  and  for  having  material  typed, 
as  tar  as  I  know.  So,  there's  no  specification  for  what  the  report 
should  be,  but  please  leave  us  something  in  writing  so  that  we 
won't  have  to  go  up  and  copy  notes  off  a  blackboard. 

Ultimately,  we  want  to  present  all  this  in  a  record,  which 
will  be  the  proceedings  of  this  conference. 

Well,  1  think  I've  covered  most  of  the  essential  points  here. 
If  I  haven't,  Jerry  Chavkin  will  remind  Bob  probably  before  we 
step  down. 

So,  I'll  turn  this  over  now  to  Co-Chairman  Bob  Wedan. 

MR.  WT. DAN .  There's  a  program  on  television  on  Sundary  morning 
called,  Issues  and  Answers.  What  we've  been  hearing  today  to  a 
large  extent  is  issues  and  problems,  but  the  thought  that  I'd  like 
to  leave  with  the  people  who  will  be  participating  in  the  workshop 
sessions  is  that  we're  concerned  about  the  answers. 

I  think  that  we've  had  a  good  display  of  the  problems.  We 
know  pretty  well  what  they  are.  We've  been  reminded  even  if  we 
knew  them  before.  But  now,  we're  interested  in  answers. 

Looking  back  on  it  now,  just  briefly,  I  think  that  you'll 
agree  that  together  --  altogether  --  NASA,  FAA,  TSC,  industry, 
participating  contractors,  we've  achieved  some  significant  mile¬ 
stones  . 
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The  VAS  system  that's  under  test  at  Chicago  is  an  accomplish¬ 
ment.  It's  a  major  accomplishment  and  I  think  that,  taken  together 
with  the  very  significant  work  to  develop  what  appears  to  be  im¬ 
portant  attenuation  schemes  --  important  in  the  sense  that  they 
look  practical  thus  giving  us  an  opportunity  to  move  forward  with 
that  type  of  a  scheme,  these  two  things  represent  perhaps  the  two 
most  important  milestones. 

We  also  have  analysis  that  continues  to  show  significant 
payoff  potential.  Maybe  not  this  year  or  next  year,  but  as  we  look 
ahead  to  the  years  to  come,  the  payoff  appears  to  be  there, 
although  we  have  had  a  disturbing  lack  of  inputs  from  the  airlines. 
They've  been  silent  about  this,  but  I  think  as  they  sense  the  build 
in  demand,  the  answers  are  going  to  have  to  be  available  at  some 
future  time. 

Both  Doctor  Kramer  and  Neal  Blake  indicated  this  morning  that 
we're  soliciting  guidance  on  how  we  should  proceed  from  this  point. 
We've  got  these  accomplishments,  but  now  the  question  is,  how- 
should  we  proceed  from  here? 

The  program  is  --  as  Ken  pointed  out  on  the  back  of  this,  it 
indicates  that  both  he  and  I  are  looking  for  recommendations. 
Consider  us  as  the  means  to  channel  these  recommendations  into 
the  system  for  thinking  about  how  programs  should  be  structured 
in  the  future. 

Although  we've  heard  from  A1  that  there  are  specific  plans  to 
close  down  major  efforts  within  NASA,  I  think  that  a  lot  depends 
on  the  expressions  that  come  back  from  the  using  community  as  to 
really  what  happens. 

Wouldn't  you  agree,  AT.? 

I  think  that's  true  within  the  FAA ,  too.  So,  although 
neither  Ken  nor  I  are  looking  for  a  specific  program  to  be  laid 
out  in  a  matter  of  two  or  three  hours,  that  is  complete  with  re¬ 
source  requirements,  1  think  it's  helpful  to  keep  in  mind  that, 
in  fact,  is  what  we're  looking  for  at  the  end.  He  and  1  and  others 
that  we  work  with,  have  to  come  up  with  specific  program  recommen- 
dat ions . 
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Our  bottom  lino  is  to  rcoommeiul  in  our  budget  exercises 
specific  program  Jose  r  i  pt  i  ons  tor  next  rear,  tho  year  alter,  ami 
so  on.  U'Jiat  1*0  hope  to  achieve  1  tom  those  workshops,  thorolorc, 
are  inputs  that  are  directed  toward  that  end. 

let  me  give  vou  an  example.  As  you've  heard,  we've 
essent iall\  completed  the  development  ol  a  Vertex  Advisory  Svstem. 
lo  take  the  next  step,  there's  a  vortex  avoidance  system,  that 
requires  a  substantial  el  tort  over  a  number  of  years,  I'm  sure. 

It  may  include  the  development  of  an  active  tracker.  You 
heard  of  the  difficulties  in  obtaining  an  active  mechanism  for 
actuallx  measuring  in  an  active  sense  where  a  vortex  is,  but  that 
thing  mav  have  to  be  developed.  1 l  we're  going  to  close  up  air¬ 
craft  closer  and  closer  to  each  other,  we  might  want  to  be  able  t o 
detect  that  maverick  that  remains  in  there  even  though  it  's 
predicted  t o  move  out ,  so  that  we've  got  a  last  minute  go  around 
capab  i  1  i  ty  . 

lhat  mav  be  required.  it  so,  you  could  see  from  the  previous 
discussions  the  state  of  the  art  is  such  that  we  have  to  move 
essentially  out  of  the  laboratory  into  something  that  is  operation- 
allv  feasible,  and  that  requires  manor .  It  requires  a  hard  program 
t  o  make  that  happen. 

It  max  a  Iso  be  necessarv  to  t ie  into  the  terminal  automation 
svstem.  Vs  mentioned  earlier  perhaps  a  real  time  system  that  looks 
at  actual  aircraft  --  as  tracked  by  the  computer  to  pair  up  air¬ 
craft  in  some  opt  imam  wax  or  at  least  to  know  who's  in  there,  it 
max'  have  to  be  done.  lor  us  t  o  got  in  there  t  o  interact  with  the 
ARTS- 3  svstem,  is  going  to  take  a  considerable  el  tort. 

So  our  question  is:  Arc  there  things  that  wo  should  do.  Is 
there  further  work  that  needs  t o  he  done  with  respect  to  the 
attenuation  svstem  in  the  aircralt?  Are  there  cert  it  ication 
techniques  that  need  to  he  pursued?  These  are  engineering 
quest  ions ,  do  they  require  engineering  resources  to  cent  inue  the' 
w  o  r  k  ? 
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So,  tlu-  sessions,  as  indicated  by  Ken,  will  get  underway  now 
for  a  few  minutes  to  get  yourself  organized  and  tomorrow's  going 
to  be  a  work  time. 

I'd  just  like  to  suggest  that  you  take  advantage  of  overt- 
moment,  including  the  social  hour,  when  perhaps  during  that  time 
some  hot  ideas  may  he  generated  that  might  prove  to  he  productive 
to mo r  row . 

.lust  one  more  comment  before  1  let  you  go  and  that  is, 
tomorrow  we  do  intend  to  hear  other  inputs  from  the  community, 
specifically  those  that  arc  on  my  list.  Air  Transport  Association, 
M.l’A,  and  comments  from  the  Motherlands  and  the  United  Kingdom. 

If  there's  anyone  else  who  wishes  to  make  a  statement  on  the 
subject,  please  let  me  know  before  8:30  so  we  can  work  you  in. 

MR.  PORITZKY.  Bob,  1  wanted  to  underline  one  point  and  ask 
a  question  perhaps  a  little  more  directly  than  you  just  did.  I 
was  going  to  do  it  in  the  context  of  a  quest  ion  to  Bill  Kood  and 
that  relates  to  the  question  of  wake  vortex  avoidance,  detection, 
or  what  have  you,  below  the  three  mile  situation. 

All  day  today,  we've  heard  about  the  possibilities  of  oper¬ 
ating  under  three  mile  wake  vortex  conditions.  doe  l'ymczyszyn 
touched  on  the  possibilities  of  going  below.  1  think  it  Bill  Wood 
had  had  another  minute  and  a  half  when  he  spoke,  he  would  have 
had  something  to  say  about  his  views  on  the  requirements  for 
additional  sensors  in  going  below  three  miles. 

Now,  I  believe  it's  important  to  ask  him  that  question, 
because  1  think  it  will  be  useful  to  the  workshop  simply  because 
1  think  we  learned  this  morning  that  the  only  game  in  town  to  get 
capacity,  which  is  what  the  air  carriers  say  is  their  number  one 
problem  at  this  point,  is  reduction  of  longitudinal  separation 
given  that  you  don't  get  new  airports,  which  don't  seem  to  be 
around  the  corner. 

Now,  one  of  the  questions  that  we've  asked  ourselves  a  fair 
amount  in  the  RliU  community,  at  least,  is:  Is  it  really  worth 


trying  for  separations  below  three?  We  have  fairly  good  evidence 
that  barring  the  wake  vortex  problem,  you  can  realistically  think 
about  two  and  a  halt ,  maybe  two  someday,  but  certainly  the  possi¬ 
bility  exists  for  two  and  a  half,  given  the  wake  vortex  problem 
can  be  reduced  and  given  that  the  many  problems  that  Gene  Barlow 
talked  about  can  be  overcome  and  you  gain  a  benefit. 

But  I'd  like  to  ask,  if  you  can  take  another  minute,  to  let 
Bill  Wood  talk  for  a  moment  about  his  views  on  the  importance  and 
status  of  both  the  turbulence  detector,  which  raises  that  percentage 
capability  significantly  apparently,  and  then  his  thoughts  based 
on  what  lie's  done  so  far  on  the  importance  of  moving  forward  rapidly 
with  a  detector  when  you  get  below  three,  because  one  of  the 
crucial  questions  that  1  hope  will  be  answered  tomorrow  --  out  of 
the  workshop  --  is:  Judgment,  is  it  real  1  \  worth  trying  to  go 
below  three  miles  or  is  that  sort  of  silly?  Would  it  be  possible 
for  Bill  to  come  up? 

MR.  WTDAX.  Oh,  absolutely.  Rill,  can  you  spend  a  minute, 
and  cover  those  points? 

MR.  WOOD.  Let  me  address  the  turbulence  problem,  first. 

\  large  percentage  of  the  data  that  was  collected  at  J.F.k.  was 
done  with  three-axis  anemometers.  It  was  not  done  with  the  type 
of  device  that  you  saw  in  the  YAS,  which  is  a  rot  at ing-body -t vpe. 
That  means  that  we  had  access  to  turbulence  information.  That 
means  that  we  saw  the  effect  of  that  wind  measurement,  the  third 
axis  wind  measurement  on  the  vortex.  We  know  what  it  will  do. 

We  know  what  it  will  take  to  make  that  kind  of  measurement.  So, 
to  get  the  turbulence,  to  get  some  kind  of  turbulence  device  into 
the  system  is  not  ■  major  undertaking.  It's  not  beyond  the  state 
of  the  art,  let's  say  that. 

We're  not  convinced,  yet,  that  we  want  to  make  the  move  and 
put  the  anemometer  in  the  YAS  system.  There  may  be  a  simpler 
solution.  I  think  1  briefly  touched  on  the  measurements  we  made 
at  J.F.K.  with  a  device  called  a  pvranograph,  which  looks  at  the 
cloud  cover.  It  strict  Iv  looks  at  the  amount  of  turbulence  vou’re 


getting  in  the  air.  When  it's  a  cloudy  day,  you're  likely  to 
not  see  as  much  turbulence  as  you  do  on  a  bright,  sunny  day. 

We've  seen  enough  effect  out  of  that  simple  device  to  know 
that  it  can  be  effective.  We've  got  an  awful  lot  of  data  to  reduce 
to  get  to  the  point  where  we  can  make  that  decision.  But  the  data 
is  there,  the  measurements  were  made.  I  don't  think  that  enhancing 
the  VAS  with  a  turbulence  measurement  is  a  tough  problem.  It's  a 
time-consuming  one.  We'll  have  to  decide  which  sensor  and  how  to 
put  it  into  the  algorithm,  but  it's  not  beyond  the  state  of  the 
art,  and  the  measurements  are  available  now  to  start  that  work. 

Going  beyond  that,  and  looking  at  a  sensor  to  do  tracking,  if 
we  have  to  get  below  three  miles,  we  feel  today  that  we'll  have  to 
go  with  some  type  of  active  tracking.  We're  not  going  to  get  there 
by  just  enhancing  the  VAS  and  trying  to  work  that  route.  I  think 
we'll  improve  the  effectiveness  of  the  VAS  with  turbulence.  We 
won't  get  below  three  miles  with  it.  We'll  still  be  three  miles, 
but  instead  of  being  fifty  percent  or  sixty  percent  effective, 
we'll  be  up  in  the  eighty-five  or  ninety  percent  effective  region 
still  at  three  miles. 

But  if  you  want  to  go  below  three,  I  think  it's  our  position 
right  now  that  we  would  have  to  develop  an  active  tracking  sensor. 

I  believe,  and  I  remember  stating,  that  if  we  had  to  take  a  sensor 
today,  I'd  be  inclined  to  go  with  the  ground -wind  -  type  sensor. 

It's  the  only  device  that  we've  seen  which  is  simple  and  lias  the 
ability  to  operate  in  the  airport  environment. 

We  still  don't  have  one  with  out  moving  parts,  and  most  of 
the  fixed-axis  ones  that  we've  seen  are  subject  to  the  same  thing 
you  saw  up  there  --  icing.  So,  we  must  get  back  to  some  type  of 
solid  state  anemometer.  We've  tried  many  devices  in  the  wind 
tunnel.  We've  not  found  any  of  them  that  have  been  really  effective 
in  giving  us  the  type  of  response  that  we  want  with  the  low  veloci¬ 
ty  winds.  But  we  feel  that  we  can  get  there  and  that,  too,  can 
be  done  in  a  reasonable  length  of  time. 
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There  are  many  companies  in  the  environment  today  that  are 
looking  at  developing  solid  state  anemometers.  The  Weather  Bureau 
has  been  at  it  Tor  several  years  and  hasn't  succeeded  yet.  But 
we've  tried  several  devices.  There  are  ones  that  use  acoustic 
techn  iques ,  like  the  .J  Tech  sensor.  There  are  the  Pitot-tube 
types.  There  are  many  different  types  of  solid  state  sensors  that 
are  being  developed  and  ones  that  can  possibly  do  the  job  with  a 
little  no  re  de v e 1 opmen t . 

We'\ e  tried  three  of  them,  that  I  know  of,  in  the  wind  tunnel, 
and  n  in.  the;-  have  proven  out  vet,  hut  I  think  we're  much  closer 
with  ti  it  than  w i  arc  with  something  like  acoustics  or  lasers  or 
those  type  i  de'  ices  which  are  inherently  complex  and  quite 
expen  i\e,  and  when  you  start  talking  about  a  single  device  to  do 
a  total  airport,  those  devices  are  not  adequate.  So,  if  you're 
talking  about  a  reasonably  expensive  one  and  allocating  it  to  the 
end  of  every  runway,  it  becomes  a  very  costly  process. 

The  ground  wind  anemometers  arc  not  that  difficult  to  implement 
nor  that  costly.  So,  we  would  probably  lean  toward  the  simple 
anemometer  type,  with  t he  tracking  algorithm  in  a  computer  to 
measure  the  output  and  positively  detect  and  track  that  vortex. 

We  haven't  come  up  with  a  solution  yet  as  to  how  you  effective¬ 
ly  use  it,  and  I  think  doe  brushed  on  that.  About  two  years  ago, 

I  think,  we  were  at  the  stage  with  YAS  where  we  were  going  to  add 
a  safety  device  to  the  \ AS  which  was  really  a  group  of  anemometers 
to  measure  the  vortex  track  as  a  back-up,  so  that  if  the  vortex 
was  still  there  we'd  find  it  and  say,  oops,  you've  got  to  go 
a  round . 

We  never  figured  out  how  to  use  that  device,  because  by  the 
time  you  found  out  where  the  vortex  was,  looked  at  the  amount  of 
time  it  would  take  to  communicate  that  information  to  the  pilot , 
and  got  him  to  do  something  about  it,  he  was  already  beyond  where 
the  vortex  was.  So,  we  dropped  it,  and  we  went  with  positive 
avo idance . 
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MR.  h'EDAN:  Everybody,  good  morning,  for  ;i  second  day.  I 
hope  you  had  a  pleasant  evening  last  night. 

Our  speakers  who  have  indicated  the  desire  to  make  a  statement, 
with  respect  to  our  Wake  Vortex  Program  arc  at  the  table.  One 
person  who  had  been  invited  to  give  a  statement  was  Vic  Kayne  from 
the  Aircraft  Owners  and  Pilots  Association,  He  was  unable  to  attend, 
but,  he  did  give  to  me  a  letter,  and  I'll  read  to  you  the  letter 
at  the  proper  time  on  the  sequence. 

I'm  not  going  to  spend  anymore  time  in  preparing  for  this, 
except  to  once  again,  invite  anybody  from  the  audience  who  wishes 
to  make  a  statement  that  might  be  of  interest  and  help,  particularly, 
to  the  workshop  groups,  that  will  split  after  this,  please  go  ahead 
and  let  me  know. 

I'd  like  to  invite  Bill  Codner,  Air  Attache  for  the  British 
Embassy,  to  make  an  initial  statement  too,  this  morning.  Bill,  we 
know  in  the  FAA  and  he  maintains  very  close  contact  between  the 
EAA  and  the  CAA  in  UK.  Bill,  it’s  yours. 

MR.  CODNER  :  Thank  you  very  much  Bob.  01  lie  St.  John 
sends  his  apologies  for  not  being  here.  He  was  here  in  1977  and 
enjoyed  the  conference  which  you  held  then.  He's  now  the  Chief 
Scientist  in  the  CAA  ,  and  in  fact,  what  I'm  going  to  say  today  is 
f rom  the  British  CAA . 


for  the  past  six  and  one  half  years,  the  CAA  has  been  running 
a  program  which  is  specifically  concerned  with  Wake  Vortex  Incident 
Reporting  and  Analysis,  and  the  data  which  we  have  gathered  has 
played  a  significant  part  in  validating  the  elliptical  algorithm 
which  was  developed  by  TSC  and  used  in  the  VAS. 

During  this  program,  whenever  a  trend  became  apparent  or  a 
severe  incident  occurred,  the  UK  procedures  and  separation  standards 
were  very  rigorously  reviewed  by  a  group  which  included  pilots, 
air  specialists,  scientists,  and  the  air  traffic  controllers. 


The  most  significant  of  recent  events,  was  the  world  wide 
introduction  of  the  ICAO  Vortex  Separation  standards  on  the  10th 
of  August,  1978.  They  were  different  in  a  number  of  respects  from 
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the  Vortex  Separations  which  were  then  being  applied  in  the  IJK  and 
which  we  had  developed  during  our  previous  years  of  the  data  taking 
excrc i se . 

The  evidence  on  the  incidents  is  valuable  but  did  not  allow 
the  UK  to  accept  entirely  the  UK  recommended  separations.  In 
certain  cases,  these  would  have,  in  fact,  implied  separations 
smaller  than  those  which  had  emerged  as  adequate  on  the  basis  of 
the  operational  experience  which  we  had  gained. 

There  are  three  points,  l  think,  which  are  shown  in  UK 
specifications  here  on  this  table.  Notably,  the  Medium  following 
the  Heavy  with  a  five  mile  separation  whereas  we  have  previously 
been  using  six,  and  we  still  in  fact,  use  six,  and  the  Light 
following  the  Heavy  which  is  six  in  which  we  use  eight,  and  then 
the  Light  following  the  Medium  which  would  be  four  and  which  we 
have  decided  should  be  six,  if  the  Medium  in  fact,  exceeds  a 
weight  of  40,000  kilograms  (88,000  lbs). 

The  separation  for  Light  and  Medium  aircraft  behind  Heavies 
were  considered  in  the  light  of  our  recorded  evidence  to  be 
unacceptable  and  the  rule  was  modified  both  by  increasing  the 
spacing  and  by  changing  the  boundary  between  the  Light  and  Medium 
aircraft  from  7,000  kilograms  (15,400  lbs)  to  17,000  kilograms 
(37,400  lbs). 

I  think  Joe  Tymczyszyn,  Sr.,  yesterday,  spoke  to  the  very 
wide  range  in  the  Medium  area.  These  changes  arose  principally 
from  the  analysis  of  an  instance  involving  the  IIS-125  aircraft 
which  is  around  11,000  kilograms  (24,200  lbs).  Under  the  UK  rules 
before  August  1078,  the  IIS-125  had  been  classified  as  a  Medium 
aircraft  and  was  given  a  separation  of  six  miles  behind  Heavies. 

The  recorded  data  shows  that  there  was  a  disproportionate 
number  of  incidents,  including  one  where  the  aircraft  was  reported 
to  have  rolled  through  140  degrees  when  six  and  one  half  miles 
behind  the  Boeing  747. 

By  changing  the  boundary,  the  IIS-125  would  be  classified  as  a 
Light  aircraft  along  with  a  number  of  other  small  business  jets 
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and  given  a  spacing  of  eight  miles  behind  the  Heavies.  The  rest 
of  the  medium  category  would  then  retain  the  established  six  mile 
sepa ra t  i  on  s  t anda rds . 

The  other  significant  factor  in  the  new  air-carrier  standards 
has  been  the  new  level  of  130,000  kilograms  (300,000  lbs)  between 
Heavy  and  Medium  aircraft  which  the  UK  has  accepted,  but  with  some 
reservations.  This  means  that  the  Boeing  707  moves  in  the  Heavy 
category t thereby  reducing  its  separation  from  the  747  from  six 
miles  to  four  miles,  and  because  of  our  concern  over  this,  we've 
kept  a  very  close  eye  on  t he  Wake  Vortex  Incidents  Reports  re¬ 
ceived  from  pilots  since  August  '78  and  compared  them  with  the 
period  January  to  August  '78.  This  viewgraph  give  the  incidents 
which  have  occurred  on  final  approach  at  Heathrow  to  date. 

There  were  10  such  incidents  in  the  eight  months  up  to  August 
1978,  and  23  in  the  three  months  after  the  rules  changed.  Of  all 
23  incidents,  19  would  have  occurred  under  the  old  rules,  and  the 
apparent  overall  increase  in  the  number  of  incidents  is  attrib¬ 
utable  to  the  uncommonly  stable  weather  which  we  experienced  in 
the  autumn  of  1978  as  compared  to  summer. 

At  one  stage  during  the  summer,  I  had  a  letter  from  my  father 
who  said  that  this  summer  we  have  had  a  very  mild  winter,  which 
sums  up  the  T.nglish  weather  very  well. 

The  other  four  incidents  are  to  the  Boeing  707's  following 
Boeing  747's,  and  the  spacing  in  each  of  these  incidents  was  four 
miles. 

In  the  six  years  prior  to  1978,  incidents  to  Boeing  707's 
following  747's  when  the  spacings  were  five  or  six  miles  were  very- 
rare.  There  was  also  another  incident  not  shown  in  this  view 
graph,  where  a  Boeing  taking  off  one  and  a  half  minutes  behind  the 
747  suffered  a  40  degree  roll  at  a  height  of  200  feet.  If  the 
707  has  been  classified  as  a  Medium,  it  would  have  been  given  two 
minutes  separation  and  the  incident  either  would  not  have  occurred 
or  it  certainly  would  have  been  much  less  serious. 
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There's  also  a  penalty  associated  with  the  change  to  the 
Medium  to  Heavy  weight  boundary.  Hue  to  the  increased  spacing  re¬ 
quired  now  behind  the  Boeing  ’’0",  it's  calculated  that  there  will 
be  a  four  per  cent  decrease  in  the  overall  capacity  during  the  busy 
pe r  i  ods . 

The  UK  policy  is  to  insure  adequate  safety  in  areas  of  Ilk 
responsibility  and  this  is  decided  on  the  basis  of  the  operational 
evidence  which  we've  been  collecting,  and  of  course,  reviewing  in 
conjunction  with  the  FAA  and  TSC  throughout  the  whole  program. 

The  Ilk  views  on  wake  vortex  separations  didn't  prevail  in  any 
case  as  it  happens,  on  the  weight  classifications,  and  1  think  we 
heard  yesterday,  that  there  is  some  doubt  in  the  minds  of  people 
that  weight  is  necessarily  the  best  way  to  classify.  It  just 
happens  that  at  the  moment,  it's  about  the  only  thing  we  can  do. 

We're  really  consciously  taking  a  cautious  approach  in  the 
light  of  the  experience  which  we've  gained  on  incident  reporting, 
and  with  the  introduction  of  the  modified  ICAO  criteria,  we  should 
be  monitoring  the  situation  with  the  particular  care,  especially 
the  rules  which  are  affecting  the  Boeing  707. 

We  are,  of  course,  in  close  touch  with  the  US  regulatory 
authorities  and  with  the  US  research  establishments,  and  we  hope 
that  in  due  course,  we  will  achieve  a  greater  degree  of  commonality 
on  the  basis  of  all  the  evidence  which  we  have  collected  so  far. 

You  realize,  from  what  I've  said,  that  we  really  do  question 
whether  the  70"'  should  be  classified  as  Heavy.  The  data  which  we 
have  collected  since  the  introduction  of  the  modified  detail 
separations  indicate  that  we  had  four  incidents,  where  previously, 
we  had  virtually  none.  So,  we’re  continuing  to  look  at  this 
situation  very  carefully. 

We're  also  very  interested  in  the  operational  evaluation  of 
the  VAS  at  O'llarc.  Clearly,  we  would  all  wish  to  avoid  a  high 
over-shoot  rate,  and  frequent  changes  of  the  rules  must  also  be 
avoided.  It,  therefore,  seems  necessary  to  attempt  to  predict 
the  wind  situation  over  a  significant  period,  say,  up  to  about  an 
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hour  if  the  potential  operational  benefits  are  to  be  realized  from 
the  actual  operation  of  this  system  in  the  operational  environment. 

This  is  a  view  graph  of  wind  statistics  statement  at  Heathrow. 
I  don't  know  why  it  was  1974  or  whether  that  was  a  very  special 
year  or  whether  it's  the  only  one  they  could  lay  their  hands  on. 

I  doubt  if  it  differs  very  significantly  from  year  to  year,  but  it 
is  clear  from  this,  that  the  wind  is  likely  to  be  outside  the 
ellipse  for  more  than  about  50  per  cent  of  the  time.  But,  when 
you  begin  to  predict  ahead,  the  figure  falls  quite  dramatically, 
and  in  practice,  reduced  separation  standards  arising  from  the 
operation  of  VAS,  would  probably  be  achieved  for,  perhaps,  about 
25  per  cent  of  the  time. 

Throughout  the  program  of  collection  of  data  on  Wake  Vortex 
Incidents  in  the  UK,  we've  kept  in  very  close  touch,  particularly 
with  TSC  on  this,  and  as  you  heard  yesterday,  much  of  the  evidence 
which  has  tended  to  validate  the  elliptic  algorithm  was  obtained 
from  our  incident  reporting  system. 

I'd  like  to  just  depart  from  the  script,  which  I  was  given, 
to  bring  up  some  of  the  points  which  seemed  to  arise  yesterday, 
and  to  question,  perhaps,  some  of  the  truth  which  we  seem  to  be 
faced  with  here  and  there. 

I'm  wondering  if  there's  rather  to  much  emphasis  on  the  re¬ 
duced  airport  capacity  and  delays  when  we're  considering  the  effect 
of  wake  vortices.  They  don't  occur  only  on  final  approach,  and 
nor  is  that  the  only  area  in  which  aircraft  were  closely  spaced. 

I  think  we  were  hearing  yesterday  that  if  you  begin  to  separate 
aircraft  more  in  the  final  approach,  then  this  leads  back  further 
into  the  system.  Should  alleviation  be  pursued  for  safety  reasons 
as  well  as  for  simply  reduced  separations  on  final  approach. 

Are  wake  vortices  really  creating  a  problem  on  arrivals  and 
departures  or  are  we  in  fact,  faced  with  potential  problems  else¬ 
where  and  is  alleviation  really  the  only  way  to  cure  these 
problems . 


7  -9 


~-'T/Tn£ric£--i974- 


Can  the  Air  Traffic  Control  System,  the  controllers  in  fact, 
use  the  VAS  in  a  real  operational  environment  at  the  20  busiest 
terminals.  Kill  it  significantly  reduce  longitudinal  separation 
and  consistently  improve  airport  capacity,  this  is  where  1  think 
we  look  with  really  great  interest  at  the  prospects  of  the  evalu¬ 
ation  of  the  VAS  that  are  here.  But,  if  the  system  doesn't  give 
us  the  benefit  at  these  20  terminals,  is  alleviation  the  only 
other  alternative,  and  if  it  is,  how  will  it  he  implemented? 

I'd  just  like  to  end  with  a  short  anecdote  about  examining 
truths,  and  this  concerns  the  captain  and  the  first  major  of  a 
small  ship  with  a  small  crew.  The  crew  decided  to  have  a  celebra¬ 
tion  one  night,  and  the  first  mate  and  a  number  of  his  other  mates 
got  very  drunk  indeed  and  the  next  morning  the  captain  who  was  a 
stickler  for  seeing  the  truth  in  the  ship's  log,  wrote  in  the 
ship's  log:  "Last  night,  the  first  mate  was  drunk,"  and  the 
first  mate  was  very  upset  about  this,  and  realized  that  this 
would  go  on  his  record,  and  he  pleaded  with  the  captain  to 
change  this,  but  the  captain  said  "No,  and  that's  the  truth,  and 
that  stays."  The  following  night,  the  first  mate  was  on  watch, 
and  in  the  log  on  the  following  morning  there  was  an  entry  which 
was  certainly  true,  but  which  was  very  damning  indeed,  it  said, 
"Last  night  the  captain  was  sober." 

MR.  WEDAN:  Thank  you  Bill.  1  might  indicate  that  we'll 
have  a  bit  of  time,  1  hope,  after  the  speakers.  I  don't  think 
we'll  use  up  all  our  time  indicated  on  the  agenda,  so,  we'll  have 
the  speakers  available  at  the  table  here  for  questions.  Please 
feel  free  to  question  Bill  if  you  have  anything  at  the  moment,  or 
wait  until  the  rest  of  them  arc  through.  I  don’t  see  any  hands 
at  the  moment,  so,  as  you  think  about  possible  questions,  Bill 
will  be  here. 

I  think  1  speak  for  everyone  in  indicating  how  we  appreciate 
the  input  from  the  UK,  in  fact,  the  international  participation 
that  we've  had  on  this  program  has  been  quite  good,  and  our  second 
comment,  is  another  indication  of  the  same. 
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I'd  like  to  introduce  now,  Wim  Aardoom,  who's  a  Project  Leader 
for  the  Wake  Vortex  Program  that's  underway  in  the  Netherlands. 

MR.  AARDOOM:  Well,  thank  you.  1  must  apologize  for  not 
having  very  nice  slides  with  me,  but  we  have  had  some  reproduction 
problems.  So,  I  have  amateurish  handmade  slides  with  me,  and  I 
apologize  for  that. 

The  Netherlands,  and  in  particular  the  Department  of  Civil 
Aviation  and  the  Director  of  Air  Traffic  Services  Telecommunications, 
got  involved  with  the  Wake  Vortex  Program  approximately  in  1976, 
after  studies  made  it  clear  that  research  was  starting  to  show 
results  which  could  lead  to  the  practical  application  of  measures 
to  reduce  longitudinal  separation  in  the  final  approach. 

At  that  moment,  and  this  still  is  so,  Amsterdam  Airport  does 
not  suffer  from  capacity  problems.  Progress  in  aviation  in  general 
is  a  very  slow  moving  process.  The  anticipation  of  new  develop¬ 
ments  (whether  they  are  projections  or  operationally  essential) 
must  be  considered  in  order  to  be  ready  when  a  need  for  the 
application  of  such  developments  arises. 

It  seems  ,  at  this  moment,  realistic  to  consider  the 
introduction  of  the  Vortex  Advisory  System.  Plans  exist  today  for 
only  reducing  the  spacing  behind  Heavy  jets  as  a  first  step  to 
longitudinal  separation  reduction.  In  the  light  of  this,  together 
with  the  whole  caoacity  situation,  we  set  our  preliminary  aim  at 
an  operational  VAS  for  the  main  runway  at  Schiphol  for  approximately 
1981.  They're  planning  to  add  one  system  a  year  to  the  other  three 
main  landing  runways. 

I  want  to  make  it  clear  here  that  if  you  look  at  the  layout 
of  the  field,  which  is  approximately  six  runways,  it's  almost  hard 
to  imagine  that  one  has  a  capacity  problem  or  can  explain  it. 
Unfortunately,  due  to  all  kinds  of  legal  measures,  normally  only 
one  landing  runway  is  usable  for  the  main  stream,  and  sometimes, 
when  weather  and  other  circumstances  allow,  there  is  a  second,  but 
only  for  relatively  small  aircraft.  Therefore,  the  potential  of 
the  field  is  fairly  limited  due  to  this  environmental  loss. 


Another  point  was  taken  into  consideration.  Schiphol's 
circumstances  would  allow,  it  seemed  at  that  time,  a  possible 
separation  reduction  approximately  "5  per  cent  of  the  time. 

The  question  at  that  moment  was  to  reach  that  goal.  What 
was  basically  required  was  a  set  of  meteorological  towers  to 
verify  the  ellipse  with  Schiphol's  circumstances.  You  must  have 
means  to  sell  it.  So,  obviously,  we  needed  a  detection  system 
as  well  to  collect  sufficient  data  for  this  purpose. 

The  choice  was  then  logically  made  in  favor  of  a  set  of  wind 
anemometers,  which  seemed  to  be  most  promising  and  hopefully  still 
are.  A  single  test  system  was  set  up  with  wind  anemometers,  to 
see  whether  the  sice  of  the  anemometer  array  is  suitable. 

While  collecting  data  for  this  purpose,  a  couple  of  other 
possibilities  of  using  this  data  appear,  such  as,  dealing  with 
the  way  wake  turbulence  categorization  and  related  separation 
criteria  (as  they  are  now  described  in  Pocket  444  in  Annex  1,1  act 
to  increase  airport  capacity  even  further.  A  lot  of  confusion 
about  the  l^o-ton  definition  of  Heavy  has  risen;  now  the  "0",  PC-8 
and  the  Airbus  are  included  as  Heavy.  We  have  doubts  about  this, 
and  this  is  a  problem  that  has  to  be  looked  at  and  we  hope  that  all 
the  date  available  will  finally  lead  to  a  very  critical  review  of 
the  present  material. 

There  remain  two  main  objectives  which  can  be  summarized  as 
to  1 lows • 

The  first  one  is  to  collect  data  on  behavior  in  general  with 
the  objective  to  find  the  correct  tiering  for  separations  behind 
all  aircraft.  1  must  admit  hoping  and  expecting  that  these  will 
show  a  strong  similarity  with  present  results  and  that  they  can  be 
more  or  less  considered  as  a  confirmation  for  our  environment. 

The  second  objective  would  be  for  experience  and  later  on  for  an 
operational  system. 

If  I  might  spend  a  few  words  on  the  system  itself  -  maybe  it's 
a  little  bit  out  of  the  scope  of  this  meeting,  but  might  be  of 
interest  to  some  of  you. 
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The  arrays  are  400  feet  long  including  the  300  foot  window 
length.  l'hev  are  mounted  approximately  450  meters  from  the 
threshold.  file  remain  ini;  equipment  is  set  up  in  a  caravan  nearby. 


1'he  hardware  concept  is  straightforward  and  consistent  with 
using  the  components  which  I've  shown  in  the  slide.  there's  a 
data  acquisition  system  which  is  nothing  but  an  analog  filtering 
and  analog-digital  conversion.  There's  a  Nova  111  Mini-Computer 
and  the  only  reason  for  choosing  this  type  is  because  we  have 
experience  with  this  type  of  computer.  then,  there's  Nl’XTMA 
Metrek  tape  recorder  added  to  it.  There's  an  equipment  monitor 
for  two  reasons. 


Number  one,  to  have  a  quick  look  at  the  data  assembled  and 
t  mv  what  comes  out.  The  second  reason  is  to  give  some  visual  i- 
at  ion  to  the  operator  of  the  system.  The  possiblitv  would  he  to 
vow  -o  c  kind  of  pictures  to  him,  but,  then,  the  operation  might 
i,l.  v  teletype  is  used  for  inputting  mainly  aircraft  type 
and  ot  hei  data. 

i  tin  outputs  ot  the  system  are,  in  some  aspects,  a  little 
it  is .  Provisions  are  made  to  record  on  tape  the  Romex 
.  e:  •  ata,  t  lu  Vortex  Center  Data,  processed  wind  velocity, 
d i rw  t i  :  .  usting,  and  Vortex  positions  as  estimated  by  a  number 
o.  :  it.  •  i  i,.er  it  hi:  Ke  plan  some  extra  effort  to  see  whether  we 

«.an  a  st,  ,  further  to  real  time  tracking,  vortex  residence 

tiru  .  ai:,i  't  type,  meteorology  data  and  the  status  of  the 
i vs  t  cm . 

To  quicklv  monitor  (shown  on  the  next  slide),  -  I  had  some 
photographs  transferred  into  a  slide  but  unfortunately,  that  failed 
What  vou  see  there  are  vertical  thermal  meters,  it  1  might  express 
it  like  that.  There  are  15  kinds  ot  thermal  meters  displaced 
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to  i  ml  1 1 .1 1  o  tlu-  output  o  t  tlu*  Met  and  Vortex  sensors.  Ilien  there 
are  some  vert  tea  I  thermal  meters  indicating  vortex  position  as 
estimated  b\  a  numbei  ot  t  liter  algorithms,  and  as  1  said,  this  is 
optional  tor  the  moment,  hut  he' re  starting  to  make  provisions  lot 
this. 

This  is  a  la  i  lure  indication  and  the  optional  separation 
criteria;  the  green  and  red  lamps  are  on  top.  Obviously,  1  must 
state  that  this  is  an  experimental  system,  there's  no  intent  ion  to 
make  this  ,m  operational  one.  Ih  i  s  is  only  1'or  experimental 
purposes . 

Sou  ,  it  I  might  spend  a  feu  words  on  the  planning.  He  wore 
planning  tor  an  operational  system  in  1981  198.!,  something  (ike 
that,  lust  to  set  a  goal.  In  !!>''(',  the  planning  was  to  have  this 
experimental  one  working  on  \pril  1978.  We  experienced  serious 
delivery  delavs  in  the  computer  and  the  tape  recorder.  llus  took 
nine  months,  and  alter  thov  were  delivered,  they  dix!  not  work, 
which  cost  another  three  months,  which  were  unbelievable  tilings, 
really.  So,  we  lost,  m  tact,  one  voar. 

\t  this  moment ,  the  system  is  in  the  verv  last  phase  o!  hard 
ware  testing,  ami  the  application  system  and  the  analog  analysis 
programs  are  almost  completed.  \t  the  moment,  we  have  good  hope, 
that  we  will  have  it  working  in  April  ot  next  year. 

Pue  to  this,  the  planning  for  an  oper.it  ional  \  \S  now  indicates 
1 98 J  or  19  8A,  as  a  tirst  stop.  This  is  all  preliminary,  o I  course. 
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MR.  KEDAN:  Thank  you  very  much  for  that  report  and  1 
think  we're  all  looking  forward  to  seeing  results  the  next  time 
we  get  together,  the  results  of  the  system  test.  Any  questions 
developing  so  far?  Well,  if  not,  I’d  like  to  move  on  to  the  next 
point. 

lor  those  of  you  who  have  been  following  the  agenda,  you  may 
have  noticed  that  I’ve  been  working  from  the  bottom  up.  I'm  not 
going  to  give  you  a  reason  because  1  don't  have  one,  but,  there 
were  a  number  of  invitations  that  went  out  to  the  so  called  using 
community,  one  of  which  is  the  Aircraft  Owners  and  Pilots  Associ¬ 
ation.  As  1  indicated  before,  there  was  a  problem  in  their  ability 
to  attend  this  session,  so,  I  would  like  to  read  to  you  part  of 
a  letter  1  got,  which  indicates  the  AOPA  position. 

"Our  position  has  been  stated  a  number  of  times  and  is 
repeated  here  to  further  get  it  on  the  record.  IV e  con 
sider  Wake  Vortex  Detection  for  purpose  of  Avoidance  to  be 
a  stop-gap  measure.  When  wake  vortices  are  detected,  it  is 
necessary  to  increase  separation  between  aircraft  and  this 
adversely  affects  runway  capacity  of  acceptance  rate.  There 
also  is  a  related  factor  regarding  liability.  If  the  de¬ 
tection  system  is  in  operation,  and  the  pilot  is  not  warned 
of  vortices,  and  the  subsequent  accident  occurs  due  to  the 
vortices,  the  1AA  will  be  found  liable  and  receive  resulting 
damage  suits.  With  so  much  effort  being  expanded  on  increas¬ 
ing  runway  acceptance  rate  and  capacity,  the  obvious  answer 
to  wake  vortices  is  alleviation. 

This  also  is  the  answer  to  related  safety  problems. 

Thus,  the  main  effort  in  this  field  for  the  long  haul  should 
be  in  field  of  alleviation  or  elimination  of  dangerous  wake 
vortices.  This  will  enhance  safety  and,  in  addition,  will 
restore  capacity  to  airports  now  suffering  from  extended 
separation  for  the  purpose  of  increasing  runway  acceptance 
rates  and  capacity. 
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We  hope  that  your  workshop  will  concentrate  on  wavs  ami 
means  ol  effectively  eliminating  dangerous  wake  vortices 
at  the  source.  We  cannot  add  to  the  deliberation,  in  this 
r  e spec t  . 

1  hanks  tot  the  invitation  and  an  identical  letter  is  being 
sent  t  o  'It  .  ken  llodge  ot  NASA.  Sincetelv  ,  \  iv  kavne,  Senior 
Vice  President,  Police  and  Technical  Planning.” 

\n\  VP  \  members  that  would  like  t  o  stand  bv  for  questions 
tn  this  area,  we'll  put  them  to  vou. 

\nothet  (Organisation  that  has  been  invited  to  make  a  state 
ment  is  the  \irline  Ptlc'ts  \ssoc  iat  ton:  We  have  two  members  here 
t  oda v  ,  i ap t  a  t  n  doe  Pa  v  t  e  s  i  s  with  0  :  a  r k  \  i r 1  i  ne  s  and  Pack  Howell, 
win'  we've  heard  before  from  1  astern.  lie  is  a  membet  c' t  the  \1P\ 
s.i  t  e  t  v  Pep  a  t  t  men  t  . 
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po  s  s  un  i  s  t  u  about  t  In'  siivvoss  o  i  tin-  \  \S  programs  s,he,lule,l  t  oi 
OMI.no.  Iho  i  o.  isoi>s  ,ui-  v|ii  1 1  o  simple,  to  ,lato  I  have  seen  no 
otuleneo  o  t  ,m  .ivioqu.it  o  Pilot  I  viiu.it  ion  I'loctum  atnl  xestei.lax  I 
s.u,  sluios  tll.it  ■'.iivl  th.it  sinlll.lt  ion  .isslimovl  v.i.lo  -.|mo.i.!  pilot 
.lvvO|'t.lllvO,  1  vlv'  HOt  hollovo  1,0  Iv  t  1  1  h.uo  l.lvlo  spiO.1,1  .IvvOpt.lllvO 

without  .m  o.liu  ,i  t  i  on  program. 

lo  i  l  1  us  t  i  ,i  t  o  i,hx  1  i  oo  1  t  h  i  s  i> ,n  ,  p  io  t  uro  this.  Iloro'  s  .i 
.  i  oi.  o  0':t  I  tij;  into  0  Ml.it  e  .  It's  s  noi,  i  tip  ,  t  lit*  i  are  l  pi  i  lio.i  i  .1  1 1  o  i  t  l  lie 
hoo.uiso  v'  1  iuol  ,  Iho  v.ipt.iin  lias  i  n  s  t  mo\ ovl  ovoi  1  tom  t  ho  right 
si- .it,  t  ho  one  moot  h.is  nisi  ,  ome  ott  t  ho  p.mol  alter  oi.cht  i  e,u  s 
oi  st  .ijtn.it  ion  in  tho  st'oon.l  ottnoi  position,  ,tn.l  .ill  i*  t  siul.lon 
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Ktdotship  l  s  i'll  I  !u‘  nil  I  me,  .mil  hum  c  and  hum  u  ,i  i  e 
lomnii;  to  I'lMiot  1 1  t’rom  tho  ei'od  ot  .ni.ition. 

I  think  uo  ought  to  I'loii  on  r  own  hoi  n  .1  littlo  hit.  lli.ink 

von . 


t  M'  I  .  P  A  \  IIS:  I'm  ,i  non  - 1  Ov  lin  n  ,i  1  pot  son  ,  1  Jou’ t  know 

how  vou  cot  ml  Int  oil  with  mo. 
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Wo' vo  h.iil  oin  t  i  i  t  A, 000  movomoitt'  in  ono  J.iv  ,  .nul  that'*' 
ovon  S .  S  seconds  oithoi  somobodx  lias  t.ikon  ott  or  lanOoil.  1  doubt 
von  scnotiuh  it  vou' re  going  to  improvo  on  that.  Ko  ,iho  had  our 
t  1 1  - 1  >.!  .i  n  whon  t  ho  O'llaro  computet  locked  up.  The  \  put  so  much 
Oat. i  into  it  that  tho  momon  hanks,  physicallv,  coasoO  to  turn, 
iho  euro  tor  tho  problem  is  ,i  lone  ranjio  iloal  whore  vou  havo  to 
extend  tho  momon  .  It's  not  something  wo  van  Jo  von  easily, 

'on'  ro  some  to  plug  in  a  lot  mo  to  paper  and  a  lot  more  wires. 

Iho  cure  to  tho  prohlom  i  ••  that  somohoJv  cut’s  Joim  ami  takt’s  some 
t' t  tho  ilat  a  out  ,  '-o  that  tho  computer  will  accept  Jala  t'rom  I'hicasv' 
renter  asain. 

O'llaio's  cot  tine  t  "  the  point  whore  1  tool  wo  should  real  h 
consider,  as  Jack  s.ivs  ,  land  ins  someplace  else  tot  a  while. 

There's  another  thine  that  l  tool  miehl  havo  boon  overlooked, 
and  that's  Vortex  Incounter  reports,  1  doubt  veto  soriousl\  it 
more  than  Id  or  JO  per  cent  over  cut  reported.  It  vou  go  out, and 
most  ot  us  will  be  go ing  nut  on  a  commercial  cirrier,  stop  that 


■ 


•* 


v  r»* v%  when  they  net  onboard  and  tell  them  you're  going  to  give  them 
two-mi  le  separation  at  the  end,  and  see  what  they  say.  I'id  they 
ever  have  a  vortex  problem  and  il  so,  did  it  ever  throw  them  over. 
It  doesn't  have  to  be  a  Heavy,  it  can  be  a  "Z"  or  some  other  air¬ 
craft  and  give  you  a  pretty  bad  ride. 

I'd  like  to  also  point  out  about  O'Hare.  We're  handling  more 
airplanes  at  O'Hare  now  than  we  did  before  there  were  heavies.  I'd 
like  to  go  on  and  point  out  that  1  think  this  system  is  going  to 
be  extremely  hard  to  sell,  and  I  feel  the  more  lead  time  that  you 
give  to  the  airlines  to  put  it  into  their  ground  school  the  more 
quickly  it's  going  to  be  accepted. 

1  got  the  opinion  yesterday,  right  or  wrong,  that  its  just 
about  completed,  that  you  have  the  programs  and  now  it's  going  to 
be  operated,  the  system  is  all  in.  1  would  love  to  see  an  announce 
ment  by  Pecember  IS  that  it's  going  to  tired  up  on  April  1,  May, 
dune,  or  August,  or  whatever  you  want  to  do,  so  that  you  got  more 
than  this  45  days.  A  note  to  the  pilots  and  they  read  the  initial 
file,  cannot  cover  all  the  data  that  was  put  on  the  board  yesterday 
The  ten  years  of  experience  that  you've  got  with  this  system, 
collecting  the  data,  or  the  system  has  actually  been  monitored  for 
two  years  now,  or  something.  The  airlines  will  put  it  into  their 
ground  school,  1  can't  speak  for  lleneral  Aviation  or  whether  they 
will  disseminate  it  like  the  Business  Pilots  Association.  They 
have  their  problem  there  too,  and  it's  going  to  be  much  more 
difficult  to  get  all  the  corporate  pilots  that  are  scattered  all 
over  the  United  States  into  this  program,  but,  1  would  sincerely 
feel  that  you  should  give  them  more  time  to  know  that  this  was 
coming. 

1  also  foresee  two  airplanes  on  the  runway  at  one  time.  We 
shoot  regular  minimums  now  to  O'lhire  at  1800  RYU  and  if  some  guy 
doesn't  turn  off  right,  he's  going  to  he  down  in  the  soup  away. 
That,  of  course,  is  one  of  the  big  problems  1  have  with  Category 
II,  that  is  that  you  can't  tell  me  the  runways  are  clear,  and  I 
can  foresee  us  going  hack  to  where  there  are  three  airplanes 
between  the  outer  marker  and  the  airport.  Well,  for  the  non- 


>  lying,  th.it’-  going  to  he  difficult  to  understand,  hut  that  puts 
a  pilot  right  on  the  edge  of  hi-  seat,  there'll  be  a  guv  over  the 
outer  marker,  there’ll  be  somebody  touching  down.  It  one  gin  blows 
it,  the  guv  that's  touching  down  doesn't  clear  the  rur.wa>  ,  the  guy 
in  the  center  doesn’t  -low  up  quite  a-  much  as  you  expected,  it'- 
going  to  be  sticky,  and  what  happens  when  the  guy  goes  around,  is 
going  to  become  a  real  serious  problem. 

I'd  also  like  to  point  out,  and  1  gue-s  this  has  all  been 
thought  through,  that  it  was  pointed  out  that  the  spoiler  deflection 
cut  down  on  the  vortex,  and  I  won't  question  that  at  all,  and  it 
wn-  also  -aid  that  it  was  going  to  increase  the  cost  about  $2.00  a 
1  and i ng . 

Based  on  information  I  have  on  oui  carrier,  which  dosen't 
have  a  Heavy,  that  could  cost  a  big  carrier  with  a  lot  of  Heavies 
in  the  neighborhood  of  a  quarter  of  a  million  dollars  a  year,  and 
I  know  that  \T \  i-  going  to  be  verv  upset  with  that. 

bell,  thank  you  again,  foi  allow  ag  me  to  speak  to  you. 

MR.  WEDAN:  Any  questions  at  this  point  ’ 

Yes,  we  have  one  here. 

HR.  TYMCZYSZYN,  JR:  1  just  wanted  to  j^>we r  some  o  1  the 
things  that  Jack  and  Joe  said.  It'-  verv  ffue  that  we  have  not 
start'  .1  a  training  program  with  the  ai  rl  mi?-  vet.  Ke've  talked 
with  the  ALFA  people  at  headquarteis  aiVw  i  th  tie  safety  people 
and  to  the  airline  management,  but  we  haven't  gone  out  to  the  line 
pi  lots. 

The  main  reason  for  that  was  that  we  haven't  proved  the  safety 
of  Y\S  to  our  satisfaction  until  quite  recently,  so,  there's  no 
way  that  people  like  me  or  Hal  lock  or  anybody  else  is  going  to 
go  out  and  start  telling  line  pilots,  or  have  the  airlines  tell  the 
line  pilots  that  they  ought  to  fly  three  miles  behind  a  heavy  ‘’4"’. 

If  we  weren't  sure  ourselves  it  was  safe  it  would  be  prettv  hard 
to  sell  skeptics  on  something  that  you  are  not  even  sold  on  your¬ 
self,  So,  we  had  to  wait  until  this  point,  to  start. 


V"'  .  n  November  ,  we  nut  w  i  1 h  the  u »  r  1  itu  oh  ie  i  pilots  th.it 
permed  ..  •  ‘  in  .  W<  tail  to  then  about  what  would  be  necessary 

tor  then  t  get  theii  pilots  g,  i  ng  on  it.  Thev  aid  thev  would  need 
a  minimum  ot  1  •  davs  ti  educate  their  pilots. 

We  *  re  tanning  t  gi  tween  tw  in  thi  t  that  . 

so ,  instead  ot  starting  m  mid  danuars  which  we  could  it  we 
announc<  Me  cerabe  r  II  we’ll  probably  wait  until  \p  r  i  1  1  to  start  \  \s , 

■ .  ■  lot  ic at  l  woul  r,  ry ,  ruar> 

und  Mar  cl  ,  ind  I  igree  that  we  have  t  1  uj  ut  t  luca  t  ion 
real  hot  mi  that,  and,  it  will  he  the  inline  Managements,  and 
not  the  1  \  \ ,  that  will  educ a  t e  the  airline  pilots.  flio  1  \  \  will 
prov idt  •  en  ..  .  :  t  f  i  that  you  saw  ye  te rday ,  and  technical 
brielings  ot  people  to  he  present  as  necessary  and  we’ll  provide 
ALPA  with  am  material  they  need  to  put  articles  in  their  magazine 
i  ALPA  f  ing  it  :  r th .  ALPA  want s  to  yet  iut  '  '•  fact 

it  . :  ■  .  n't  want  t  j  irt i  ipat e  in  VAS ,  you  don't  have  to , 

and  we're  going  to  stop  V  VS  immediately  it  there  i  ■-  an  incident 
and  investigate  it. 

Ihe  nest  thing,  loo  mentioned  business  pilot-,  in  APl'.A.  \-  was 
said  vesterdav,  light  aircraft  are  not  going  to  participate  in  \  AS . 

iven't  i  i  that  safety  at  this  time,  so  any  Light  aircraft 
are  going  to  have  the  same  separation  that  the\  have  always  had, 
so,  there's  no  particular  need  to  educate  them,  at  least,  not  now. 

lor  the  business  aircraft  that  are  in  the  Large  categorx  , 

IJ.s'U1  pounds  and  above,  thc\  will  he  in  VAS  and.  wo  have  to  get  the 
word  to  them.  It's  a  u>t  harder  to  get  to  the  business  aviation 
community  than  to  the  airline  community,  but  we  have  things  like 
the  Airman's  information  Manual  and  that  will  probably  he  our 
primary  way  of  getting  to  that  segment  o f  the  pilot  population. 

As  you  saw  yesterday ,  the  business  aircraft  over  l  2 ,  SO;’  pounds  at 
O'Haro  are  probable  111'  per  cent  of  t lie  total  aircraft  into  P'llare. 
That's  all. 

MR.  WIiDAN:  Thanh  von  doe.  Any  other  comments  ' 

Questions.'  Okav,  before  introducing  our  last  speaker  for  the 
session.  I’d  i us t  like  to  take  a  moment  to  remind  everybody  that 
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while  we  are  in  this  process  of  getting  a  system  up  to  an  oper¬ 
ational  status  and  concerning  ourself  with  such  problems  as 
education  of  the  pilot  1  would  like  to  add  the  controller  community. 

One  of  the  prime  purposes  of  this  get - 1 o- 1 oge the r  is  to 
recognize  that  we've  achieved  significant  progress  in  creating  a 
ground  base  system,  and  there's  been  significant  work  done  in  the 
area  of  vortex  alleviation  at  the  source,  particularly  through 
the  spoiler  deflection  technique. 

We  have  the  problem  of  what  do  we  do  now,  where  do  we  go  from 
here?  That,  again,  1  hope  our  workshop  sessions  will  address  very 
seriously.  Now  we  did  hear  a  paper  yesterday  and  several  people 
made  the  comment  that  we're  working  a  problem,  but  who  needs  the 
answer  -  the  people  from  the  industry?  The  air  frame  industry  has 
said  that  if  they  contacted  the  airlines  about  putting  modifications 
on  their  aircraft,  whether  it's  retrofit  or  new  designs,  there's 
kind  of  an  uncertain  attitude  about  the  need  for  them.  The  sug¬ 
gestion  here  is,  perhaps,  what  is  the  motivation  for  moving  ahead. 
The  next  step  ought  to  come  from  the  Air  Transport  Association  or 
the  airline  industry. 

I  hope  Frank  Brady  might  be  able  to  shed  some  light  on  that 
part  of  the  question  in  the  next  few  minutes,  Frank. 

MR.  BRADY:  Thank  you,  Bob.  I  don't  know  how  deeply  I'll 
get  into  that  particular  question,  there  are  some  competitive 
forces  involved,  and  some  of  these  things  that  we  can  address  and 
others  we  cannot  address,  but,  anyway,  I  would  like  to  give  you 
as  much  of  the  airline  view  as  I've  been  able  to  assemble. 

Aside  from  safety,  delay  holds  top  priority  as  the  number  one 
operating  problem  of  the  airlines  today. 

Delay  causes  massive  inconvenience  to  the  public  and  is 
exceedingly  costly  to  the  airlines.  In  the  single  month  of 
December  1977,  the  air  carrier  delays  added  up  to  22,898  hours  one 
month,  a  total  of  4,875  aircraft  were  delayed  over  30  minutes. 

Cost  to  the  traveling  public  in  1977  was  estimated  to  be  three 
hundred  million  dollars.  And  airline  losses  attributable  to  delay 
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added  up  to  w  oil  over  two  hundred  million  dollars,  t  hoi  e  s  .1  total 
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Because  our  rcooril  keeping  is  imperfect,  wo  do  not  know  what 
portion  ol  overall  delay  is  attributable  to  increased  spacing  be¬ 
tween  aircral't  because  ol  wake  vortices.  We  do  not  know  however, 
that  it  is  a  substantial  contributor  even  though  it  is  limited  to 
a  view  of  our  high  density  airports.  The  increase  in  longitudinal 
spacing  between  aircraft  has  caused  a  marked  reduction  in  airport 
capacity.  It  takes  only  simple  arithmetic  to  determine  that  an 
average  increase  in  spacing  from  three  to  five  miles  reduces  runway 
capacity  by  10  per  cent  during  those  hours  when  the  airport  traffic 
demand  exceeds  the  saturation  point. 

Six  airports,  O’llare,  Wlanta,  Kennedy,  l.atlua  rd  i  a  ,  San 
Irancisco  and  bos  Angeles  have  in  the  past  accounted  for  nearly 
halt  ot  all  US  airline  delays.  Saturation  at  these  airports  is 
forecast  to  increase  further  and  the  1 \\  has  predicted  seven 
additional  airports  will  suiter  inc rea sed  do  1  ay s . 

bxcessive  spacing  between  aircraft  dictated  by  wake  vortices 
is  an  important  contributing  factor  to  the  delays  at  these  airports 
It  effective  relict  is  not  provided,  this  list  of  airports  will 
grow  and  the  number  of  hours  of  saturation  at  each  airport  will 
increase  and  compound  the  problem. 

Now  recognizing  the  seriousness  of  the  problem  that  it  is 
lacing,  the  operations  executives  of  the  airlines  have  endorsed 
flu'  following  statement,  and  1  quote.  "The  airlines  should  press 
as  a  matter  of  highest  priority  for  the  solution  t o  the  excessive 
spacing  between  approaching  aircraft.  It  forts  should  include  both 


ground  basoil  systems  for  detection,  such  as  the  Vortex  Avoidance 
System  and  development  ol  aerodynamic  suppression  el  vortices  on 
t  he  a i rc rail  itself." 

This  airline  attitude  and  priority  on  wake  vortex  has  been 
conveyed  to  I  \\  and  NASA  main  t  imes  and  at  many  places,  it's  also 
been  conveved  to  the  t'ongress.  Wake  Vortex  Avoidance  and  Allevi¬ 
ation  Programs  in  both  agencies  have  been  strongly  supportive,  and 
we're  not  aware  of  any  shortage  ot  funds  to  carry  out  this  work. 

At  the  present,  i  hear  signs  that  at  least  there  might  be  a  pinch 
coming,  but ,  at  the  present  time,  there  are  funds  for  the  work. 

Nevertheless,  the  I  \\  Program  has  been  delayed  again  and  again 
since  lh"Tl  when  1  \\  initially  announced  increased  separation 
standards  behind  Heavy  jets. 

A t t e r  some  vigorous  prodding  by  the  airline  industry,  the  PAA 
in  b'-J  announced  .1  live  veil  r  plan  to  cope  with  the  problem.  The 
goa  1  was  to  have  a  test  system  operating  at  O'Hare  by  mid  1 l)  "  1 . 

The  comi' I  c  t  i'J  svs  torn  was  scheduled  for  mid  l!>“5  and  was  to  bo 
integrated  into  the  ART’S  Ill  by 

I  will  spare  you  all  the  details  ot  the  slippage,  revised 
schedules  and  mountains  ol  data  collected,  but  we  are  still  waiting 
for  operational  test  results  ot  the  program.  At  this  workshop ,  we 
are  getting  a  better  idea  o f  how  soon  that's  going  to  happen.  It 
is  probable  unfair  to  sav  that  the  program  has  been  mismanaged. 

It's  now  clear  that  there  is  a  far  more  complex  problem,  than 
was  originally  anticipated.  I  think  the  complexity  is  not  one  ot 
technical  complexity  so  much  as  it  is  the  responsibility,  the 
procedural  aspects,  and  all  that.  I'm  talking  now,  of  course, 
about  the  ground  system. 

There  is  also  some  indication  that  the  PAA  mac  have  gone  a 
little  overboard  in  analysis  and  testing,  this  thing  has  been 
tested  and  tested  and  tested.  You  can't  have  too  much  ot  that, 
but  on  the  other  hand,  you  have  to  cut  it  oft  at  some  point  and 
go  to  work. 
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W  i  ml  Slmar  I'etection  has  moved  mueh  more  rapidly  than  the 
Wake  Vortex  I'oteetion,  and  low  level  Iv  iml  Shear  Meeting  Systems 
are  now  in  plaee  and  operational.  These  systems  have  similarities, 
and  there’s  an  excellent  opporttmitv  tor  some  common  use  ot  certain 
components  that  will  allow  economy  ot  installation. 

Unfortunately,  unless  the  integration  ot  the  two  systems  is 
speeded  up,  most  oi  the  programs  wind  -heat  systems  will  be 
operational  before  installation  ol  the  Wake  Vortex  System  is 
started.  The  airlines  have  long  pressed  for  compatible  siting 
ot  sensors  and  an  integrated  program. 

Though  I  have  talked  about  the  lack  ot  detailed  delay  intor- 
mat ion  there  is  a  growing  airline  recognition  ol  the  need  tor 
improved  methods  ot  evaluating  system  performance  as  it  relates 
to  delays,  and  I  tie  1  waste  and  system  v  apai  it'  . 

Some  excellent  analytical  tools  are  now  available  but  tliev 
need  better  input  information  t  o  assure  that  the  tiudings  art'  v  a  1  t  .1 
I  \.\  Programs,  such  as  Rea  1  Time,  \  IV  System  Performance  Measure¬ 
ments,  and  Uniform  belav  Reporting  are  promising  as  a  means  ot 
obtaining  valid  data  and  as  a  means  of  pinpointing  problem  areas. 
The  Uata  collection  Programs  now  under  development  bv  1  \\,  should 
go  a  long  wav  towards  getting  the  needed  data. 

It  should  be  noted  that  any  attempt  t o  automate  the  terminal 
Air  Traffic  Control  must  take  into  account  the  variable  spacing 
reel  1 1  i  remen  t  s  imposed  bv  wake  vort  ices. 

The  metering  and  spacing  sv  stem  ot  the  future  must  include 
adaptive  separation  t  o  realize  the  till  lest  potential  ot  its  te-e  to 
increase  airport  capacity.  On  a  long  term  basis,  the  most  at 
tractive  solution  to  the  wake  vortex  problem  would  be  to  eliminate 
the  generation  ol  vortices  at  the  source.  1  think  this  is  a  vet' 
obvious  conclusion,  and  this  has  been  brought  out  time  and  time 
a  ga i n ,  he  re . 


from  the  t  i  me  the  problem  was  recognt zed  eat  Iv  in  this  decade, 
the  airline  indust  tv  has  actively  encouraged  research  and  develop 
ment  programs  towards  this  goal.  The  problem  is  a  dill  ten  It  one . 


and  even  the  expenditure  of  over  ten  million  dollars  in  NASA  R tj D 
funds,  or  whether  they  were  I AA  funds  transferred  to  NASA,  from 
1972  through  19"n,  has  failed  to  produce,  at  this  point,  an  accept¬ 
able  solution.  Iiach  of  the  schemes  tested  thus  far  has  included 
penalties  in  aircraft  weights,  speed  or  fuel  consumption.  It's 
particularly  disappointing  that  after  the  extensive  NASA  work, 
we  have  seen  no  evidence  that  the  results  are  showing  up  in  the 
new  generation  of  transport  aircraft.  Now,  I  realize  in  saying 
this,  that  this  conference  is  saying,  well,  the  airlines  have  not 
asked  for  it.  However,  the  airlines  have  indeed  asked,  and  as  1 
said,  many  times  and  many  places  for  solutions  to  the  problems. 

The  problem  is  one  of  getting  an  acceptable  package,  a  prototype 
solution,  and  that  1  think,  is  a  matter  that's  going  to  have  to  be 
worked  out  between  the  air  frame  manufacturers  and  the  airlines, 
and  1  think  that  the  time  has  probably  come  for  that  to  lie  done. 

It  w i 1 1  be  disappointing,  however,  if  the  new  generation  of 
aircraft  do  not  benefit  in  some  way  from  the  work  that's  been  done 
in  the  past. 

Now  this  approach  is  admittedly  a  long  term  solution,  retrofit 
of  aerodynamic  devices  on  existing  aircraft  is  difficult  and  also 
expensive.  Computer  programs  of  existing  control  surfaces  may 
offer  an  attractive  solution  where  the  flight  control  system  is 
adapatable  to  such  modifications. 

In  any  case,  significant  ATC  improvements  from  the  alleviation 
of  wake  vortices  at  the  source  will  take  a  very  long  time  to 
achieve.  Nevertheless,  it  would  be  reassuring  to  see  more  activity 
in  this  area. 

The  amount  of  delay  caused  by  wake  vortices  and  the  impact 
on  airport  capacity  is  quite  sensitive  to  the  designation  of 
Heavy,  Medium  and  Light  categories  of  aircraft.  Joe  Tymczyszyn, 
Sr.,  and  Bill  Codner  both  spoke  at  length  on  this  subject. 

We  note  that  a  MITRE  Report  issued  in  March  of  1976  analyzed 
this  problem,  and  concluded  that  a  shift  in  the  dividing  line 
between  Heavies  and  non-Heavies  from  the  current  three  hundred 
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thousand  pounds  would  yield  a  capacity  increase  ol  roughly  three  to 
six  per  cent  at  major  airports,  such  as  Midway ,  0  *  Ha  re ,  I  os  \nge  los , 
and  .11  K. 

This  change  would  have  the  effect  ot  placing  stretch  torsions 
ot  the  1H>  8  and  the  Boeing  '0”  in  the  non-Heavy  category.  Such  a 
potential  increase  in  capacity  is  attractive,  and  indicates  the 
importance  ol  a  careful  selection  o t  the  dividing  line.  V\  point 
is  not  that  the  current  rules  are  wrong,  hut  that  an  arhitrarv 
selection  can  have  a  major  effect  on  airport  capacity,  ami  as  it 
has  been  pointed  out,  it  should  he  studied  and  it  there's  an 
opportunity  there  we  should  take  advantage  ot  it. 

There's  a  point,  most  of  the  emphasis  has  been  on  alleviating 
the  effects  of  wake  vortex  on  aircraft  approaching  the  airport. 

This  is  only  part  ol  the  problem,  and  we  would  urge  increased 
emphasis  on  improving  take-oil  clearance  rate,  because  t h  i  -  too 
can  contribute  significant  amounts  of  doin'  and  can  have  an 
important  effect  on  airport  capacity. 

My  recommendations,  at  this  point,  would  be  to  first  wrap 
up  the  test  program  as  soon  as  possible.  Micro  should  now  be 
adequate  data  upon  which  to  proceed  with  an  operational  program 
based  on  a  ground  base  system. 


Second,  set  a  firm  date  for  the  start  ot  V  \S  operation,  and 
hold  to  it. 

Third,  place  increased  emphasis  on  improved  take-oft  clearance 
rate  using  techniques  similar  to  those  on  approach. 

Tour,  expand  procurement  and  installation  programs  to  include 
those  airports  where  peak  hour  saturation  is  a  problem  now,  or  is 
expected  to  be  a  problem  in  the  near  future. 

five,  continue  work  on  the  development  of  improved  sensors. 

Six,  examine  criteria  to  determine  it  the  dividing  line  be¬ 
tween  Heavy  and  Medium  aircraft  is  overly  conservative  or  whether 
it  is  opt i ma 1  or  not . 


Seven,  improve  data  collection  on  air  traffic  control  delays 
to  determine,  move  specifically,  the  causes  ot  delay  and  to 
identity  that  portion  at  trihut  able  to  wake  vortices. 

fight,  accelerate  programs  to  develop  satisfactory  prototype 
svstems  for  wake  vortex  reduction  on  new  aircraft  and  transfer  the 
technology  to  aircraft  manufacturers  for  new  generation  aircraft. 

Nine,  integrate  for  a  possible  wind  shear  and  wake  vortex 
svste m . 

Ten,  above  all,  let's  make  decisions  on  reduction  ot 
separation  in  those  areas  we  already  know  are  sate. 

MR.  WUHAN :  Well,  there  we  have  it.  Oka>  ,  now,  bv  this 
time  perhaps,  something  has  occurred  to  you  that  vou'd  like  to 
talk  about  before  we  break  into  our  workshop  sessions. 

doe. 

MR.  TYMCZYSZYN  SR.  :  I'm  not  going  t  o  let  niv  son  beat  me  to 
the  punch.  Yesterday,  when  he  shut  me  off,  1  had  two  important 
items  on  that  list  there.  One  was  item  1J  or  11,  it  was  an  air 
borne  wake  vortex  detector,  and  I  think  we  don't  have  a  certain 
segment  of  the  aviation  community  represented  here  and  that's  the 
electronic  people  who  make  little  gadgets  that  help  make  our  life 
a  little  easier. 

In  the  course  of  doing  the  testing  for  wake  vortex  strength 
and  alleviation,  we  asked  people  working  on  the  data,  it  we 
couldn't  ;iave  something  in  the  airplane,  in  the  test  airplane,  to 
help  us  find  a  vortex.  Now,  we  have  developed  the  system  where 
the  people  on  the  ground  can  tell  you,  that  yes  von  are  in  the 
center  of  the  vortex,  you  are  in  the  core,  or  you're  approaching 
it  rapidly.  Now,  from  a  pilot's  viewpoint,  believe  me,  it  vou  can 
hear  the  vortex  coming,  particularly  an  unalleviated,  strong 
vortex,  where  you  have  a  fine  nice  sire  tube  with  ven  high  veloi  i 
ties,  you  can  hear  it  approaching.  It's  sort  of  a  dul 1  whistle. 
You  can  hear  it,  even  through  your  crash  helmet.  Then  vou  reason, 
"Why  in  the  heck  can't  we  have  some  electronic  equipment  in  the 
airplane  to  help  us  find  it." 
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Russ  Barber  in  t he  T-3"  that  we  have  at  NASA,  had  put  on  the 
first  attempt.  That  was  a  bread-board  model  of  these  tiny  little 
tubes  on  the  wing  tips  of  the  T-3"  with  little  acoustic  sensors  in 
there,  sweeping  through  the  acoustic  range,  and  a  little  needle 
saying  it's  left  or  right. 

Since  we  only  carry  JO  minutes  of  smoke  in  the  ~4~,  1011  or 
IH'-IO,  every  second  of  test  time  is  precious  and  you  dedicate  that 
to  ways  of  working  on  a  basic  problems,  and  not  on  perfecting  such 
i nst  rument  s . 

he  have  been  trying  to  alert  people  to  the  fact  that  an  air¬ 
borne  wake  vortex  detector  may  not  be  too  difficult  to  work  on, 
and  I'd  i us t  like  to  bring  out  in  this  workshop,  the  fact  that 
there  is  some  potential  there,  maybe  we're  not  the  right  people 
to  be  working  on  it,  but,  there  ought  to  be  someone  interested  in 
that  particular  phase.  Thank  you,  Bob. 

MR.WLDAN:  Thank  you,  doe. 

d  i  m . 

pR.HALLOCK;  lirst  of  all,  we  have  issued  a  report  from  TSC 
by  a  contractor,  where  we  have  looked  at  the  airborne  wale  vortex 
detection.  I  think  1  have  some  copies  in  my  office  if  someone 
wants  to  1 ook  at  it. 

Secondly,  some  general  comments.  The  results  we've  been 
getting  from  our  friends  in  Great  Britain  from  their  incident 
reporting  system  a  re  vety,  very  valuable  to  a  person  like  myself 
because  we're  really  getting  to  understand  what's  going  on  in  other 
phases  of  flight. 

Question:  My  question  to  dack  and  doe  is  how  come  we're  not 

hearing  much  more  from  the  NASA  Incident  Reporting  System,  the 
Safetv  Reporting  System,  about  these  incidents?  Has  it  become  such 
an  everyday  occurrence  that  you  don't  report  them  or  what? 

Answer:  (By  dack  Howell)  1  would  have  to  agree  with  your 

answer  to  your  own  questions.  The  reasonably  common  occurrence 
is  to  get  a  nibble  now  and  then.  It  would  only  be  the  violent 
upset  that  would  be  reported  to  the  NASA  System,  which  brings  me 
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to  a  question  that  I  made  in  my  notes  yesterday.  How  arc  we  doing 
for  time? 

MR.  h'EPAN :  We  are  doing  fine. 

MR.  f'OKELL  :  !  guess  the  question  when  somebody  says, 

"What  is  an  unacceptable  encounter  or  an  acceptable  hazard?"  Kell, 
1  needed  a  definition  for  that.  My  way  of  thinking  of  an  unac¬ 
ceptable  level  of  encounter  is  anything  that  would  cause  you  to 
miss  the  approach,  death  being  at  the  other  end  of  the  scale  and 
extremely  bad.  But,  1  think  that's  the  kind  of  thing  we  ought  to 
look  at  when  we're  assessing  probabilities  and  encounters  etc.  If 
it  is  a  break  off  of  the  approach,  that's  the  level  at  which  1 
think  we  ought  to  set  our  goals.  Sow  looking  at  Safety  Analysis: 
Kith  respect  to  your  first  question,  I  agree,  1  think  there  are 
nibbles  that  you  get  on  final  and  you  just  know  what  they  are, 
and  you  move  out  of  the  upset,  a  little  hit  off  center,  however, 
using  whatever  other  visual  conditions  to  get  out  of  the  encounter. 

MR.  BARBER  .  Russ  Barber,  NASA.  Really,  my  question  goes 
to  doe  Tymczyszyn,  Jr.  The  concept  of  the  YAS  is  all  predicated 
on  no  encounter,  in  fact,  he  said  several  times,  if  we  have  an 
encounter,  we'll  knock  the  system  off  and  start  investigating 
it,  i mmed i ate  ly . 

I  fail  to  understand  the  logic,  then,  of  why  it's  not  safe 
for  general  aviation  if  it's  safe  for  transports  when  it's  totally 
predicated  on  zero  encounters.  1  wonder  if  he  could  elaborate 
on  that? 

Answer:  (By  Joe  Tymczyszyn,  Jr.)  Kell,  I  want  some  help  here 

from  Jim  llallock,  too.  1  sec  what  you're  saying  there.  It's  not 
totally  a  zero  encounter,  it's  also  the  fact  that  it's  okay  for  a 
727  to  hit  a  very  weak  vortex,  but,  it's  not  okay  for  maybe  a  PA  - 
28  to  hit  the  same  vortex. 

Jim,  do  you  want  to  handle  it. 

Answer:  fBy  Jim  Hallock)  1  think  I  understand  the  statement 

that  Russ  made.  It  really  is  going  to  be  safe  for  both  the  GA 
and  the  commercial  airlines  according  to  all  the  analysis  that 
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we're  seeing.  We  do  have  a  couple  of  basic  problems  that  we  want 
to  look  at,  before  we  go  all  the  way,  because  o!  the  way  the 
analysis  was  done.  But,  yes  indeed,  it  should  be  safe  for  both  of 
them.  There  is  no  question,  because  we're  not  talking  about  a 
non-encounter.  Given  the  conditions,  our  green  light  conditions 
and  so  on,  everything  seems  to  point  to  everything  being  fine, 
no  matter  what  you're  flying.  However,  just  because  of  the  way 
the  analysis  was  done,  the  mathematical  approach  one  takes  to  it, 
we  can't  absolutely  say  that  yet  because  of  the  philosophy  of  the 
mat  he mat i cs . 

OR.  TYMCZYSZYN,  JR:  The  way  flight  Standards  is  worried 
about  the  safety,  we're  looking  to  TSd  for  the  safety  analysis,  and 
what  they  are  willing  to  support  is  safe,  it  we  buy  off,  but,  if 

they  won't  come  to  us  and  say  that  we've  been  able  to  show  that 

it’s  safe,  then  we're  not  going  to  say  it  is,  so  they  haven't  been 

able  to  support  fully  the  safety  of  the  Light  aircraft,  so  we  are 

not  going  to  include  them. 

Another  reason  we're  moderately  happy  about  starting,  without 
including  the  Light  aircraft  is  the  problem  that  if  you  don’t  have 
a  glide  slope  on  your  airplane,  you  can't  participate  in  VAS  be¬ 
cause  you  hit  the  outer  marker,  descend  on  down  to  MPA,  fly  level 
and  be  set  nicely  for  a  vortex  encounter.  Now,  we  planned  to  get 
the  word  out  through  Airman's  Information  Manual,  and  whatever 
sources  we  have,  that  if  you  don’t  have  a  glide  slope  and  you  are 
going  to  use  a  localizer  only  approach,  you've  got  to  tell  the 
controller,  you  have  got  to  announce  it's  a  localizer  approach, 
and  that  you  would  be  given  the  larger  separations  of  today, 
frankly,  the  number  of  people  that  read  the  Airman's  Information 
Manual  is  not  very  encouraging,  and  we  might  have  problems.  It's 
easier  to  start  with  the  airline  communitv  where  they  have  dual 
glide  slope  and  a  much  better  training  program  to  include  general 
avi at  ion . 

To  change  the  subject,  it  looks  like  we've  come  full  circle 
on  the  chicken  and  the  egg  problem.  Let  me  misquote  about  people. 
I'll  probably  mix  it  up,  but  will  show  the  chicken  in  the  egg 
p  rob lem. 
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1-rank  Brady  said  that  the  airlines  are  very  interested  in 
alleviation  and  that  they  are  disappointed  the  alleviation  isn't 
being  sold  on  the  next  generation  of  aircraft.  The  airframe 
manufacturers  that  we  heard  from  said  that  they  have  received  no 
expression  of  interest  from  the  airlines  at  least,  not  in  terms 
of  people  ordering  airplanes  and  being  willing  to  pay  for  allevia¬ 
tion.  NASA  said  that  I-'AA  has  treated  alleviation  with,  I  think 
Al's  words  were  benign  neglect,  so,  they  are  going  to  pull  out 
their  money  after  this  fiscal  year;  and  for  the  FAA,  1  said  that 
I  didn't  think  a  notice  of  proposed  rule  making,  requiring  allevia¬ 
tion,  would  have  a  chance  of  floating  in  the  industry  because  the 
airlines  and  the  aircraft  manufacturers  would  shoot  it  down  during 
the  comment  period.  I  think  we  have  a  pretty  good  definition 
here  of  the  chicken  and  the  egg  problem  where  nobody  wants  to  make 
a  move  on  alleviation,  and  I  think  that's  one  thing  we'll  have  to 
address  in  our  workshops. 

MR.  WEDAN:  Thank  you,  Joe.  I  did  hear  very  clearly  here, 
Frank  Brady  indicating  the  views  of  the  Airline  Transport 
Association,  that  there  is  an  urgency  to  move  ahead.  There  always 
has  been  an  urgency  to  move  ahead  by  the  airframe  manufacturer  to 
develop  alleviation.  I  think  that's  point  ten  in  your  ten  points 
or  so,  so  I'm  wondering  if  the  egg  is  being  split  open  and  the 
chickens  about  to  appear. 

Phil,  did  you  have  a  question? 

Question:  (By  Philip  Klass)  I'm  not  clear  on  the  relation¬ 

ship  between  the  new,  as  of  August  1978,  ICAO  separation  standards 
and  categories  of  aircraft  by  weight.  Why  are  those  not  being 
used  by  the  U.S.  as  a  member  of  the  ICAO,  or  are  they  being  used 
at  what  one  might  call  ICAO-tvpe  airports?  Can  somebody  clarify 
that  for  me? 

MR. WEDAN:  I'd  like  a  volunteer  for  that  one  please. 

Wtio  can  handle  that  one?  Joe. 

Answer:  (By  Joe  Tymczyszyn,  Sr.)  The  definition  of  Heavy 

came  about  in  1970,  just  about  the  time  that  we  were  certificating 
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the  4  " .  When  you  wonder  about  300,000  pounds,  where  did  that 
come  from,  that  has  no  basis  in  the  world  of  aerodynamics  or 
physics.  It  was  a  convenient  dividing  line  that  would  catch  the 
large  ?0?  and  the  large  PC-8  in  a  same  family  of  airplanes  as  the 
747. 

When  the  first  "4”  arrived  at  Orley,  the  airport  was  shut  down 
for  one  hour,  because  of  a  threat  of  wake  vortex  turbulence.  So, 
in  order  to  say,  now  wait  a  minute,  this  is  a  lot  of  funny  thinking 
in  an  engineering  world,  we  said,  weight  is  certainly  a  dominant 
factor  in  a  world  of  airplanes  with  an  aspect  ratio  of  seven,  so 
300,000  pounds  would  form  a  convenient  dividing  line.  There's  no 
real  merit  to  it,  so,  I  think,  if  you  want  to  consider  it,  it  is 
time  to  rename  those  categories  and  something  well  over  300,000 
pounds  would  be  convenient. 

For  example,  a  1011  or  DC-10  at  landing  weight;  at  l.os  Angeles 
it  can  land  on  a  south  runway  even  with  the  tunnel  restriction. 

In  a  sense,  it's  approaching  the  weight  of  a  heavy  707  or  DC-8. 

It  is  time  to  think  about  revising  those  weights.  We  didn't  know 
any  better,  in  the  first  place,  and  that  was  a  good  point  to  start 
with. 

MR.  IVEDAN:  I  think  we  got  a  couple  of  volunteers  for 
comments.  Bill  Codner,  first. 

MR.  CODN'ER:  Thank  you.  1  wouldn't  care  to  answer  really, 
on  behalf  of  the  U.S.  in  this  regard,  but  I  think  the  answer  to 
your  question,  if  I  understood  your  question  correctly,  Phil,  "Is 
the  United  States  applying  the  ICAO  separation  standards?"  -  the 
answer  is  "Yes.” 

The  UK  is  applying  modified  standards  which  are  slightly 
stretched,  because  at  this  time,  we  are  not  confident  of  the 
information  that  we  have  that  the  separation  standards  that  were 
agreed  to  in  ICAO  are  necessarily  good. 

Question:  (By  Robert  Wed  an 1  I've  understood  that  ICAO  has 

replies  to  lower  boundaries,  or  the  boundaries  for  the  low  small 
airplanes  upwards  from  12,500  to  17,000  kilos.  Is  that  a  UK 
boundary? 
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Answer:  i  B  y  Bill  t'odnoi  1  No ,  tl.it  1  s  ,  tin"  HK  i  s  revising 
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Thank  you. 

MR.  KhPAN:  t'.o  ahead,  !  rank. 

MR.  BRAPY:  Since,  we  are  net  rushed  for  time,  1  think  it 
might  he  interesting  to  the  group  here.  Man'’  of  vou  nay  not  of 
heard  ot  this  incident,  hut  it  involves  a  verv  light  category  ot 
aircraft  involved  in  a  wake  vortex  accident. 

The  pedal  power  aircraft  out  on  the  desert,  before  the  Kramer 
prize  was  won,  I’m  not  sure  whether  it  was  actually  in  flight  or 
sitting  on  the  ground.  I  see  -omohod'  nodding  and  raavhe  somebody 
knows  till--  s  t  or'  hotter  than  1.  But,  anvwav  an  agricultural 
aircraft  took  off.  and  the  store  1  heard  was  that  five  minutes 
later,  the  wake  vortex  broke  this  airplane,  and  so  maybe  it  we 
have  to  di\ ide  into  categories,  maybe  we  ought  to  go  down  pretty 
low  in  this  -it  ua  t  ion . 
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MR.  WP.DAN:  Wo  1  1  ,  maybe  we  have  to  have  a  categorv  ter  the 
eossamer  Condor. 

.lack  !  nders  has  his  hatul  up. 

MR.  INTERS  :  1  ’  d  like  to  respond  a  little  hit  to  some  concerns 

expressed  b)  Captain  I'avies  and  Joe  Tymccyszym,  Sr.,  regarding 
airborne  vortex  detection. 

Earlier  in  the  NASA  Program,  we  attempted  to  see  it,  as  an 
alternative,  one  could  visually  mark  vortices  in  an  environmentally 
acceptable  way.  This  was  prettv  much  of  a  long  shot  th.it  we  tried 
at  JPL . 

It  paid  oil  to  a  limited  extent  in  that  what  evolved  out  ot 
that  effort  was  a  Chemical  Marking  System  that  is  useful  for 
research  purposes,  but  the  hardware  involved  is  a  bit  cumbersome 
for  operational  use.  Specifications  we  had  laid  on  were  that  the 
trailing  vortex  had  to  be  marked  for  a  short  period  of  time  and 
then  disappear  so  that  in  a  normal,  heavy  air  traffic  situation 
you  wouldn't  till  the  terminal  area  with  visible  smoke  or  harmful 
chemicals.  This  was  one  effort  to  provide  some  sell  vortex- 
clearance  capability  to  that  traffic  which  would  be  concerned 
about  vo r  t  i  ce s  . 

Regarding  more  sophisticated  sensors,  I  think  that  some  of 
the  recent  success  we  have  had  in  clear  air  turbulence  sensing 
and  wind  shear  sensing,  might  in  the  next  two  or  three  years  bear 
some  fruit  in  the  area  of  sensing  vortices. 

We  have  three  systems  that  we  are  going  into  the  air  with  in 
January,  lebruarv  and  March  aboard  the  NASA  Convair  pop.  There's 
an  infra-red  radiometer  svstem  that  Pete  Kuhn,  from  the  NOAA  Wave 
Propagation  laboratory ,  is  working  on;  there  is  a  Passive  Micro  wave 
Sensor  that  came  off  the  Nimbus  C.  Satellite  that  is  being  engineered 
by  JP1  ;  and  then,  of  course,  our  old  standby,  the  laser  Peppier 
Velocimeter  from  Marshall  Space  Plight  Center. 

All  three  of  these  systems  will  he  aboard  the  Convair  9PP  in 
early  19‘’P  to  sense  common  patches  of  turbulence  and  to  see  how 


each  "I  those  t!i  ico  d  it  If  rent  system  com  opts  perform.  The  inlra 
red  tndiometoi  that  I’oto  Kuhn  has  hoon  working  on,  has  a  I  ready 
boon  app  licit  to  t  ho  airborne  wind  shoat  detection  problem  and  has 
mo  t  wit  h  s oimo  in  i  ess. 

Wo  hopo  that  whilo  perhaps  none  ol  those  i  nil  i  v  i  tin  a  I  concepts 
alone  roav  provide  all  tho  answers  wo  need ,  wo  may  got  out  ot  this 
series  o  t  tests  an  iiulieation  o|  feasibility  ot  some  K  t  tnl  ot  a 
hvhrid  system,  whore  romhinat  ions  ot  loatnros  ol  those  throe  con- 
oopts  might  provulo  the  answers  to  all  those  problems,  at  least 
lor  the  p  i  1  o  t  o  t  tho  large  ai  is  rati  . 

MR.  Willi  AN:  Vorv  good.  Thank  vou,  dark.  I  see  two  more 
hands.  lot’s  pick  the  one  in  the  haek,  doe,  first  . 


MR.  WHITT:  Thank  vou,  sir.  Mv  name  i  I  awson  White, 
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a  cost  estimate,  or  doing  this,  or,  in  other  words,  has  any  airline 
gone  any  further  than  endorse  t h i s  to  NASA,  IAA  and  to  Congress, 
Have  they  gone  to  the  airframe  manufacturers,  and  asked  what  it 
would  cost  them  to  buy  that  type  of  alleviation  equipment  on  an 
a  i  rc  rn  ft  ? 

Answer:  (by  frank  Brady)  Well,  the  answer  is,  1  have  no 

knowledge  ot  those  contacts,  it's  not  necessarily  true  that  we 
would  learn  of  it,  but,  l  don't  know  of  any  such  contacts. 

MR.  WUHAN:  \nv  ol  the  representatives  from  the  airframe 

manufacturers  like  to  comment  on  that? 

MR.  LDNDRY  :  I  only  know  of  one  such  contact  and  1  believe 
it  was  Delta  Airlines,  came  to  us  about  two  years  ago,  and  we  were 
discussing  the  "X”  Program,  which  has  now  developed  into  the  76’’ 

Program. 

The  question  that  was  asked  at  that  time  was,  we  were  con¬ 
sidering  implementing  a  program  at  that  time,  i I  we  delayed  the 
start  of  this  program  by  two  or  three  years,  what  improvements  in 
Wake  Vortex  technology  will  occur  that  we  could  then  use  on  the 
a  i  rc ra f  t  ? 

We  showed  them  what  was  available  at  that  time,  in  terms  of 
NASA  results  and  Boeing's  estimates  of  the  cost,  and  they  lelt  at 
that  time  that  those  were  unacceptable,  and  that's  the  only 
question  that  I  am  aware  of. 

1  should  remind  you  that  I'm  in  a  research  group  rather  than 
a  product  development  group  and  only  learn  about  these  tilings 
second  hand. 

MR.  WhDAN:  I  think  that  it's  worth  discussing  in  one  of 
the  workshops,  yours  doc?  The  question  ot  what  the  role  of 
government  is  to  stimulate  the  action,  if  any?  Should  there  be  a 
leadership  role  performed  by  the  government,  and  it  so,  in  what 
sense,  and  should  it  be  a  NASA,  1'AA  type  of  responsibility,  or 
should  we  let  the  market  forces  dictate  future  steps? 
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MR.  ('ROOM  :  I'etwin  Croom,  NASA..  In  response  to  the 
questions  iust  asked,  has  anyone  approached  this  type  of  activity, 
installation,  or  testing  or  something  on  an  alleviation  system? 

We  have  had  some  contacts,  1  think  they  would  he  verv 
interested  in  doing  something  with  the  \  300.  We  will  he  discuss 
tng  this  with  him  at  his  meeting  coming  in  the  States,  in  March, 
he's  scheduled  to  come  over. 

I  irs t  proposal  is,  it  you  t  ry  to  tell  them  what  to  do,  they 
will  furnish  the  airplane  and  make  it  work.  1  don’t  know  what  he 
means,  hut,  that’s  the  understanding  1  have.  I  predict  that  will 
he  the  first  one  with  alleviation. 

MR.  ViT.PAN:  Vhe  master  plan  for  the  da>  calls  for  return 

ing  here  at  3:00  p.m.,  this  afternoon,  where  we  will  hear  the 
reports  from  the  three  workshop  chairmen. 

I  believe  ken  Hodge  and  1  will  he  making  the  rounds  during 
the  day  to  see  how  the  work  is  proceeding.  If  it  appears  as  though 
there’s  a  chance  of  getting  together  earlier  than  that,  it  might 
he  valuable  t o  interact  a  little  hit,  because  we  are  dealing  with 
three  separate  questions.  So,  we’ll  he  trying  to  bend  the  schedule 
a  little  hit,  and  please,  keep  alert  to  that  possibility  if  you 
drift  off  on  your  own. 

Now,  iust  to  remind  everyone  who’s  interested  where  you  are 
going,  the  first  wovkhop  deals  with  the  hake  Vortex  Alleviation 
at  the  source,  and  doe  Stickle  is  the  chairmen  ol  that  ,  and  doe, 
will  you  please  raise  your  hand.  He’s  right  hack  there  on  my  left, 
and  that  will  he  up  on  the  12th  floor,  in  the  Management  Information 
Cent c r . 
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The  second  workshop  deals  with  the  development  of  Wake  Vortex 
Avoidance  Systems.  The  advancement  beyond  the  Advisory  Systems  on 
the  ground  based  equipment;  tin  ice  Tinsley  is  the  chairmen  ot  that, 
and  he's  raising  his  hand  up  in  front  here.  That's  in  room  t* 4" 
that's  on  floor  number  l>. 

Workshop  number  three  deals  with  the  question  of  operational 
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Again,  with  the  possibility  that  we  try  to  get  together  a 
little  earlier.  I  hope  to  see  you  all  then,  and  Ken  Hodge  and  1 
will  be  looking  forward  to  your  comments.  ken,  do  you  have  a 
comment  now? 

MR,  HODGE  :  is  there  further  elaboration  on  the  laboratory 
tour  agenda? 

MR.  W'EDAN:  There  was  a  note  l  saw  on  the  blackboard 
indicating  a  tour  of  the  laboratories  that  is  scheduled  for  1 1 : 3D 
a . m. ,  p lease  si gn  up . 

If  anybody  wants  to  make  any  further  comments  on  that,  as  to 
what  the  tour  would  involve,  what  laboratories  would  be  displaced, 
or  whatever?  Yes ,  Bill. 

MR.  WOOD  :  The  only  requests  we've  had  are  for  the  voice 
response  system  and  the  tire  testing  laboratory.  Both  ot  those 
will  be  available.  If  you  meet  out  here  at  11: 30  a.m.,  there  will 
be  somebody  to  take  you  to  both  of  them.  They  last  about  IS  to  20 
minutes,  I'd  say.  One  of  the  labs  is  upstairs,  the  other  is  down 
in  the  other  building,  and  it  will  probably  be  over  by  12:00  p.m., 
easily.  You  can  sign  up  out  there,  if  von  would.  There  are  about 
five  people  presently  signed  up,  which  we  can  easily  take  through 
one  straight  tour.  1 l  there  are  others  we  would  like  to  know 
about  it  now. 


MR.  WEI)AN:  Breaks  for  coffee  a  ml  for  lunch  are  at  the 
discretion  of  the  session  chairman.  So,  if  you  net  hungry,  blame 
them.  We'll  see  you  a  little  later  on  this  afternoon. 
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MR.  HODGE  :  Gentlemen,  we're  now  at  Session  9,  which  is 
to  contain  Reports  by  the  Workshop  Chairmen.  The  way  we  thought 
we  would  do  this  is  to  allow  up  to  15  minutes  for  each  of  the 
three  chairmen  to  give  their  reports.  This  will  give  us  a  few 
minutes  for  some  questions. 

I'd  like  to  remind  you  all,  that  for  those  here  or  those  who 
have  attended  and  left  early,  the  record  will  he  kept  open  for  60 
days  for  further  input  that  one  would  like  to  see  put  into  the 
Conference  Proceed ings . 

The  bus  will  he  here  at  4:00  p.m.  and  it  will  go  as  soon  as 
we're  already  to  go.  Since  1  don't  see  doe  Stickle,  1  think  we 
could  start  with  you,  Guice.  Are  you  ready?  All  right,  so  we'll 
have  next  Workshop  Two,  Development  of  WVAS  on  the  ground.  Here's 
Guice  Tinsley. 

MR.  TINSLEY:  As  soon  as  I  find  my  notes,  we  talked  about 
Wake  Vortex  Alleviation  also,  so  you  won't  be  able  to  tell  the 
d i f  ference . 

MR.  HODGE  :  1  might  mention,  too,  that  the  Workshop 

Chairmen  should  strive  to  get  a  fairly  clear  typed  copy  of  their 
notes  to  both  Bob  and  me,  as  soon  as  they  can.  It's  not  necessary 
today. 

MR.  TINSLEY  :  Okay,  what  I’m  going  to  give  is  a  majority 
report  from  the  Committee  and  as  I  offered,  anybody  on  the  Com¬ 
mittee  that  wants  to  talk,  will  have  time,  I'm  sure. 

The  first  thing  I  want  to  do  is  just  quickly  go  through  a 
little  bit  about  the  Low  Level  Wind  Shear  Alert  System  that  we 
are  installing,  which  uses  anemometers.  We  clarified  the  differ¬ 
ence  between  this  system  and  the  Vortex  Advisory  System  that's 
in  Chicago. 

There  arc  a  couple  of  misunderstandings  that  I've  heard 
throughout  our  sessions  here  and  some  of  the  questions  indicate 
a  misunderstanding  that  maybe  I  can  clarify  quickly. 


PHSOKDING  FaO£  hLAHK 


I  he  YAS  System  in  Chicago  will,  handle  very  shortly  the 
wind  shear  task,  and  what  1  mean,  is  that  it  will  be  able  to 
detect  this  15  knot  vector  difference. 

The  YAS  System  can  handle  a  wind  shear  problem.  It's  a  pro¬ 
gram  change.  We're  going  to  put  a  different  display  down  in  the 
equipment  room  as  a  demonstration  device.  We  are  not  going  to 
interfere  with  the  YAS  operation  until  we're  finished  with  this 
operational  demonstration,  but  there  will  be  a  display  down  in 
the  equipment  room.  It  will  demonstrate  that  the  YAS  will  do  the 
wind  shear  problem. 

The  reverse  is  not  necessarily  true.  I  say  not  necessarily 
because  the  way  the  system  is  designed  now,  it  will  not  do  the 
YAS  problem.  That's  not  to  say  that  there  might  not  be  some 
design  changes  or  some  improvements  that  could  be  made  so  that 
the  I.ow  Level  Wind  Shear  Alert  System  could  do  t  he  YAS  problem, 
but  the  way  it  is  presently  designed,  it  will  not  do  it. 

There  are  several  reasons  for  this,  and  the  primary  one  is 
our  data  rates  that  we  deal  in.  The  YAS  System  uses  ground  lines. 
The  data  rate  from  the  remote  towers  is  two  per  second.  In  our 
Low  Level  Wind  Shear  Alert  System,  we  poll  the  towers  once  every 
seven  seconds  sequentially.  It's  a  vastly  different  data  rate. 

1  hope  I've  made  myself  clear.  The  Yortex  Advisory  System 
that's  at  Chicago  will  very  shortly  handle  the  wind  shear 
prob 1  cm . 

future  YAS  systems  will  be  able  to  handle  the  wind  shear 
problem.  A  single  system  will  do  both. 

The  Low  Level  Wind  Shear  Alert  System  as  it  is  now  being 
installed  does  not  handle  the  Yortex  Advisory  problem.  They  are 
not  compatible  at  this  time. 

That  was  a  question  of  the  gentleman  from  Miami.  He's  going 
to  have  one  of  the  Low  Level  Wind  Shear  Alert  Systems  going  in. 

He  said,  "Why  don't  we  put  the  YAS  in  with  it?"  Well,  this  just 
cannot  be  done  at  this  time. 


Now  t  hero’s  .1  difference  in  oust  in  this  too.  I  ho  Low  l.ovol 
Hind  Shcai'  Wert  Systems  are  being  installed.  The  equipment 
costs  about  $  AS, 000.  the  installations  costs  are  running  about 
S'.A.OOO.  So  tor  about  $"0,000  were  putting  t  lie  systems  in. 

1  he  Vortex  Advisory  System  in  Chicago  costs  us  about  SoOO.OOO 
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i>ka\  ,  i\e  yet  into  a  Vortex  Uloviation  discussion. 

\  quick  summarv  of  it,  !  think  wo  have  an  appreciation,  and 
1  think  evervbod v ’ s  pretty  much  in  agreement  that  what  we  talked 
about  in  the  ground  world  is  sort  of  an  interim  step,  and  that 
the  ultimate  answer  and  the  desire  of  everybody  is  to  have  a 
Vortex  Alleviation  svstem  that’s  designed  into  the  airplane. 

Certainlv  we  support  the  work  that’s  going  on  at  NASA,  and 
1  hope  that  there  is  some  wax'  we  can  encourage  whoever  has  to  be 
encouraged  to  continue  this  work,  and  that  we  are  interested  and 
we  do  recognize  that  the  final  answer  has  to  be  in  alleviation. 

filings  we  got  into,  there  are  some  spec  i  t  ic  objectives  that 
we're  working  towards,  and  let  me  read  them  to  you  so  you  realize 
what  we’re  going  against. 

first  objective  was,  "What  is  the  requirement  for  the  develop 
ment  of  IVY  AS?"  Now,  again,  the  difference  between  the  Vortex 
\dv  isory  Svstem  and  the  Wake  Vortex  Aviodance  System  is  not  clear 
cut.  he 're  not  sure,  exactly,  what  a  Hake  Vortex  Avoidance  Sys 


tom  would  be. 


It  was  asked  by  one  of  the  gentlemen  in  our  group,  "Are  you 
considering  an  airborne  detection  device  as  a  possible  WY  AS? "  I 
think  this  is  an  excellent  point,  and  as  we  work  towards  this 
design  of  what  a  WY AS  might  be,  we  must  continue  to  consider  what 
we  can  do  with  airborne  sensing. 

The  point  was  made,  and  1  think  it  was  a  good  point,  that  as 
we  go  into  the  MI.S  environment,  an  airborne  detection  device  would 
possibly  allow  you  to  fly  a  different  type  precision  approach  and 
actually  avoid  vortices  ahead  of  you.  1  don't  think  we  tradition¬ 
ally  do  this  on  1  l.S  1  inal  now,  but  with  an  MLS  type  approach,  you 
could  fly  a  precision  approach,  and  you  could  avoid  a  detected 
vortex  ahead  of  you. 

We  do  feel  as  we  look  to  what  the  future  holds,  that  we  must 
gain  YAS  experience  at  Chicago.  That  is,  we  must  operate,  we 
must  find  out  what  we  can  do  to  gain  maximum  advantage  from  this 
type  of  system.  Now,  if  that  means  additional  sensors  for  enhance¬ 
ment,  that  should  be  pursued. 

We  should  look  at  ways  that  we  can  extend  the  area  of  cover¬ 
age.  The  work  we've  done  up  to  this  point  has  been  out  to  the 
outer  marker,  and  we  must  see  what  we  can  do  to  extend  this  out 
to  where  they  turn  the  aircraft  on  final  at  a  place  like  Chicago. 
Now  possibly  this  is  an  area  where  we're  going  to  have  to  get 
additional  data,  or  we  must  look  at  possible  merging  techniques 
where  we  arc  able  to  avoid  the  areas  where  the  vortices  might  be. 
Well,  we've  got  to  look  at  two  things.  We  need  more  data  so  that 
we  can  resolve  the  issue  or  can  we  come  up  with  a  merging  technique 
different  from  what  they  now  do  at  Chicago. 

Another  thing  that  we  feel  we  must  do  as  we  look  to  the 
future,  c.g.,  come  up  with  a  better  understanding  of  and  a  deter¬ 
mination  of  hazard  criteria. 

One  of  the  ways  that  we  looked  at  this  was  proposed  by  one  of 
the  gentlemen  involved  in  flying  the  airplane.  It  is  straight 
forward,  breaking  the  approach  into  three  areas.  Middle  marker 
to  touchdown,  where  he  felt  the  encounter  might  put  him  into  the 
ground.  This  is  certainly  unsatisfactory. 
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i  going  he  1  ok  three  miles),  then  somebody  and  1  think  it's  got  to 
he  somebody  uithin  our  group,  look  .it  the  total  system  problem, 
lhat  is,  "What  happens  to  our  runway  occupancy  time?"  "Khat 
happens  to  getting  airplanes  from  runways  back  to  parking  areas? 
and,  "Where  do  we  park  this  highly  efficient  fleet  that  we're 
bringing  in  every  two  and  one  half  miles  in  a  very  heavily  used 
airport?”  We  rapidly  approach  other  bottlenecks  once  we  become 
efficient  and  are  able  to  overcome  the  vortex  problem. 

1'he  third  question  we  asked  is,  "After  identifying  the  Vortex 
f l iminat ion/Avo idance  Interface  with  the  overall  airport  capacity 
problem,  is  metering  and  spacing  required  for  a  IV V 'AS  Svstem?" 

Now  we  use  the  metering  and  spacing  hang -up  as  an  argument  that 
if  we  need  metering  and  spacing,  it  is  not  really  available,  and 
may  not  be  available  for  a  couple  of  years,  so,  this  is  an  argu¬ 
ment  for  maybe  not  proceeding  as  fast  as  other  people  would  like 
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toward  a  Vortex  \voidance  Svstem. 


I  hi-  wa\  our  discussion  went  in  our  croup  was  ^implv  this.  It 
arc  going  t  t  i  1 <  . :  .  ed  idapt  i  ve  t  vpe  spac ing ,  t ;  . i :  is, 

tailored  to  aircraft  pa  i  r  •> ,  there  -ui-t  he  *omc  hind  of  metering 
and  spacing. 

\'  soon  a--  we  drop  below  a  conventional  or  a  three  mile 
■  ■  ■  the  hoard,  then  the  requirement  as  we  we r , 

becomes  greater  and  greater  for  metering  and  spacing. 

I  think  we  a  1  so  voiced  the  opinion  that  we  prohahlv  would  not 

wait  to  add  YAS  enhancement  for  metering  and  spacing  hut  should 

continue  at  a  rapid  pace. 

let  me  conclude  and  just  summar i :e  verv  quicklv  the  important 

p<  ints.  Ke  think  we  ought  to  put  .  the  \  \S ,  extei  t  i  coverage 

in  both  time  and  area,  and  look  to  the  additional  <ites. 

lie  certainlv  need  a  better  definition  of  what  a  W\  \s  might 
he.  and  work  towards  developing  whatever  long  lead  items  might 
exist  in  this  system,  and  :  sa>  spec  i  f ica 1 1>  this  area ,  "What 
can  we  do  with  sensors  that  can  aetuallv  track  vertices'.'" 

• 

l’hird,  where  we  recognize  the  \  .\s,  \  \S  as  a  short  term 

interim  approach,  we  must  proceed  with  the  Vortex  Uleviation 
a i rhorne  so lut  ion  . 

'IK.  hi  PAN:  titles  t  ions,  before  vou  go.' 

\UPIiNlT  MIMB1R:  I've  got  one  to  start  with.' 

MR.  TINSLl'Y  :  Yes  sir. 

Question  (By  \udionce  Member  1  1  got  the  impression.  iluice, 

that  we're  talking  about  continuing  Chicago  as  a  tost  bed  area, 
an  operational  tost  bed  area,  for  an  indefinite  period, as  wo  move 
on  toward  various  enhancement  ideas  on  the  basic  \  \S.  Is  that  the 
opinion  of  the  group  that  this  would  he  the  case,  and  if  so.  how 
do  wo  arrive  at  some  sort  of  a  design  description,  or  a  frec:e  or 
a  con f igura t i on  in  control,  if  vou  will,  that  could  be  used  for 
implementation  at  other  airports.' 
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\nswei  (Kv  I'niico  lllislev)  hell,  I  i  .in  see  whole 
th.it  conclusion,  tin-  wav  wo  keep  talking  .ihout  tilings  that  are 
1:01111:  to  improve,  hut,  take  t  licin  separately,  ion  know,  whv  won !  d 
ivr  ti  '-0  f  h  u  .11:  o  to  demon  s  t  ra  t  o  t  ho  w  1  ml  sho.i  1  c  apah  1  I  i  t  v  .  ho  I  I  , 
that's  t  ho  on  t  v  0110  ho'vo  got  to  work  on.  ho' 10  not  j*  i  n  to 
impaot  how  it  operates  as  .111  advisory  system,  hut  using  t  ho  00m 
put  or  an. I  tho  input  I  1  0111  t  ho  winds  tliat  oomo  in  from  those  lowers. 
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So,  oaoh  s  1 1  <•  will  ho  t  at  loroil  ami  I  liopo  wo  omiI.I  include  t  ho 

no  wo  1  a. lil  it  i  on  a  1  sensors  that  g  1  v  o  11  g  1  o  a  t  e  1  capabilities  so 

that  they  mav  not  ho  a  .tamla.d  unt  il  wo  .;ot  ,  mavhe,  two  or  tliroo 
a  1  rpor  t  s  down  1  ho  roail . 

MR.  hoik; I  I'kav  now,  too  Stickle,  are  vou  ready  1 1  ’  1  the 

report  o  I  tin  hake  V.trloi  \  I  1  o  v  1  a  t  1  on  h  ■  >  1  k  s  hop  ’ 

MR.  STIfkl  1  Hun  o  s .  1  ill  ho  omloil  up  talking  about  allovia 
t  ion  in  lilt-  workshop.  ho  t. like, I  on  1  \  about  avonlanco. 

hi-  iliil  1  01110  up  with  some'  suiiima  1  \  -.  t  a  t  omen  t  s  ,  ami  i'il  like  to 

begin  h\  st  at  1  ng  what  t  ho  object  ivo  was. 

first,  wo  wore  living  to  assess  in  tho  group  what  wo  thought 
the  state  ol  tho  art  is.  hith  respect  to  current  ilosigns  ami  to 
now  ilosigns.  I'll  sav  that  there  was  not  a  unanimous  agreement  on 
the  technology  assessment  for  either  case. 

flie  second  objective  wo  wan  ted  was  to  recommend  spec  i  1  ic 
area-,  ol  research  or  demonstration  that  would  ho  re. pi  1  rod  in 
order  to  in  it  iato  an  i mp 1  omen t a t  i on  program.  ho  never  reached 
the  second  objective’  because  we  never  could  decide  whether  to 
have  an  1  mp  I  onion  t  a  t  i  on  program.  ho  reached  the  latter  conclusion 
because  wo  couldn't  agree  that  the  state  ol  the  art  was  ready.  I 
will  make  some  statements,  stimnia  r  i  /  i  tig  what  we  thought  the  state 
ol  the  art  was  and  what  the  group  felt  needed  to  be  done,  before 
we  could  implement  Vortex  \  I  I ev 1  a t  i  on  .  However,  we  didn't  come 
up  with  niiv  recommended  best  approach. 


n.  n 


I  e  t  mi'  ha\  e  t  ha  t  first  s  1  i  ili'  I  01  tin'  \  or  t  ox  Minimi'  a 1  i  on  . 


1  he 

l  i  i  ■■ 

t  '■ 

uimma  r  v 

st 

a  t  emeu t 

IS  that 

t  lie  ro 

■  d 

oes  appea 

r  t  o 

he 

A 

i  one 

In'  d 

1 II  t 

ore  st 

i  n 

t  lie 

SO  11 1 

i  e  a 

1  lev 

i  a  t  i  o 

ni . 

I  he  oar 

li  at 

t  i 

t  tide  ■- 

t  ha  t 

had 

ho 

I'll  l  ol 

ll'i 

t  od 

1'  V  \  O 

1  t  o 

t  ho 

i  on  I 

O  1 

euro  was 

t  ha  t 

\  \ 

h  , 

t  ho 

\  O  1  t 

o  \  \v  O  1 

dam  o 

S  V  S 

t  e  m , 

,  won 

Id  s 

o  1  vo 

t  he 

P' 

oh  lorn  and 

a  1  1  e 

V  1 

at  i 

on 

l  011  1 

vt  bo 

e  1 

mi  mat 

ed  . 

1  to 

m  t 

lie  ooiumeiits  t 

ha  t 

In'  1  0 

mad 

0  dill 

i  n 

o.  t  ho  i  on 

I  e  t  en 

i  e 

t  h 

c 

\  ort 

0  \ 

\dv 

non 

s  V  S 

t  ('III 

i  s  a 

s  t  a 

i  t  in o.  po  1 

n  t 

t  o  pe  t  u 

s  h.-u 

k 

1  i' 

t  ho 

thro 

i'  m  i 

lo 

sopa  l  a 

t  1  l' 

n  . 

Howo 

v  or, 

tor 

l  nip  ro 

V  1 

up  or  im 

t  o.i  s  i  ny% 

a  i 

r 

poi  t 

k  .\\y 

,u  i 

t\  1  n 

t  ho 

t  ni 

:  m  o  , 

i  t  ’ 

s  no 

t  a  s 

ol 

ii  t  i  on  t  o 

t  lie  p 

ro 

h  1  e 

m . 

\  ho 

re 

via  s  a p 

V  0  0 

won  t 

wit 

h  i  n 

t  ho 

p  roup 

'  t 

h  a  t  a  1  1  o  v 

1  .1  t  1  0 

a  t 

t  ho 

SOU  1 

v  O  1 

S  1 

oa  s i h 1 

0  A 

s  Ik 

\  s  bo 

on  demon 

'•  t  r  a  t 

ed 

hot  h  i  n 

mode  1 

;unl 

lull 

SV  A 

1  e . 

lll'llO 

\  l'  1 

t  In 

'  r  o  \t 

a  a 

1  s„ 

the  I 

eo 

1  i up  t  ha t 

t  he 

mo 

i  hail  i  sm 

Ol  t 

ho  a 

1  lo 

V  lit  1  o 

n  i 

S  lit 

't  ro 

a  1  1  v 

mid 

0 1  - 1  ood 

1  In-  re 

are  v 

.i  i 

l  I'll 

s 

ii  a  v  s 

o  f 

a  1  t 

0  1  1  11  p 

t  ho 

V  O  1 

t  ('V 

ro  1  l 

Up 

and  o 

nh 

a  iii  i  np  1 1 

’ de 

V  t  \  . 

Wo’ 

V  0 

got  so 

mo 

v;t'tV 

1  i  vlo 

a  s  , 

hu  l 

in-  h  a  v  o 

n ' t  pone 

into 

A  \\ 

\  n 

dept 

ill's  I 

>:n  s 

tud 

'  that 

sh 

ow  s 

W  0  v. 

an  p 

l  a.  t 

1 1  a  1  1 

\ 

a pp  1  v  it 

to  O  1 

t  lie  l 

t  he 

lilt  1 

on  t 

1  lo 

o  t  O  1 

IH’U 

.1  1  1 

v  r.i  I 

t  . 

lhat 

tl  OO  s 

n  ' 

t  mean  we 

i  an  ' 

t 

uoi 

k 

t  he 

p \  oh 

l  eiti 

Ivo 

vlo 

t  h  i 

.  t  hr 

ouph 

I  ho 

expo 

\  \ 

eiu  o  we  b 

111  Id 

up 

i  n 

test 

i  n  >: 

oinp 

i  r  i  i  a  1 

S  t ' 

1  u  t  i 

t'n  s  , 

and 

i  ii 

1  ho  ii 

so 

and  the 

O  V  O  1  v 

1  S 

o  o 

1 

t  ho 

.in.i  1 

V  t  1 

oa 1  t  oo  1  s 

t  h.i 

It  wo 

ha  v 

l'  . 

Ihit  . 

\\  0 

are  the 

{  list 

t 

O  .1 

dm  i  t 

that  im'  vlon't  iiiuli'i  st  .iikI  .ill  tin-  phenomena  of  alleviation  yet. 

1  ho  next  point  i  •»  that  alleviation  i  a  loin;  term  solution. 
Il  uo  ha.l  do.  idl'd  todav  to  prooeed  with  alleviation,  it  viould 
he  a  niiinhoi  oi  vears  before  the  svstem  would  veal  i  e  t  hi'  impart 
ol  ant  reduition  in  do  l  a  vs  that  viould  he  a  result  ot  the  a  l  lev  i  a 
t  i  on  . 
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Neither  NASA  or  the  I  \A  know  at  this  time  what  the  cost  of 
implementation  will  he  because  that's  going  to  depend  on  the 
particular  solution  or  mechanism  that's  put  on  any  given  aircraft, 
and  it  may  vary  from  one  aircraft  to  another. 

One  point  that  was  brought  out  with  respect  to  alleviation, 
is  that  anything  done  to  change  the  landing  configuration  of  the 
aircraft  would  be  implemented  at  all  airports  and  be  used  all  the 
t  i  me . 

front  the  standpoint  of  safety,  this  would  probably  be  good. 
But,  if  it's  going  to  cost  you  $2.00  to  $5.00  an  approach  as 
indicated  earlier,  you  will  be  applying  the  solution  to  all  the 
airports,  and  your  problem  may  be  only  at  (>  to  20  airports.  I  he 
cost  really  should  be  considered  from  a  total  airport  or  system 
s i tua t i on . 

there  were  some  inputs  from  discussions  with  industry  about 
vortex  alleviation.  these  comments  had  come  earlier  in  the  vortex 
program  and  were  from  talks  that  the  f'AA  had  with  the  manufac- 
t  urer s . 

the  first  comment  is  that  the  management  indicates  doubts 
that  the  technology  is  ready.  They're  not  ready  to  commit  to  it. 
they're  not  convinced  that  alleviation  is  here  to  the  point  that 
they  can  design  it  into  the  airplane  on  a  cost  effective  basis. 

Solutions  that  we  have  proposed  today  increase  the  noise,  or 
increase  the  fuel  consumption  and  are  in  conflict  with  other 
national  priority  problems.  For  that  reason,  they  would  like  not 
to  have  to  consider  vortex  alleviation. 

There  is  a  resistance  also  to  a  passing  of  a  regulation  today 
which  they  feel  to  be  a  future  problem.  The  problem  there  being 
capac i t  y . 

The  last  point  is  that  the  cost/benefit  is  unknown.  We 
talked  a  lot  the  other  day  about  separations  and  delays  and  what 
it  does  to  you,  but  the  vortex  contribution  to  separation  or  the 
vortex  contribution  to  delay  hasn't  been  identified,  and  it's  a 
key  point. 


1  think  some  of  t he  future  studies  that  arc  undertaken  by  FAA 
or  others,  ought  to  consider  trying  to  indicate  what  part  of  the 
delay  is  attributable  to  the  increase  in  separations  necessitated 
by  wake  vortices. 

May  we  have  the  next  slide.  I  think  this  was  pretty  evident 
throughout  the  workshop.  Nobody's  really  satisfied  with  the  situa 
t  ion  we  have. 

As  Vern  Ros sow  pointed  out,  we  have  sort  of  a  chicken  and  the 
egg  situation  and  we  have  a  lot  more  chicken  than  we  do  eggs.  On 
the  other  hand,  the  incentive,  either  a  financial  incentive,  a 
legislative  incentive,  nor  a  liability  incentive,  exists  which 
would  force  anybody  to  make  a  decision. 

That  sort  of  summarizes  the  general  discussion  that  we  had, 
and  I'd  like  to  get  into  some  of  the  recommendations  that  the 
committee  or  the  group  workshop  did  come  up  with. 

Number  One.  That  research  and  development  should  continue  to 
look  for  new  and  improved  concepts.  The  Vortex  Minimization  Pro¬ 
gram  as  we  heard  yesterday,  will  be  phasing  out  at  the  end  of 
1980.  Vortex  minimization  research  should  be  continued  and  1 
think  it's  pretty  well  assured  that  NASA  will  continue  at  a 
small  R§1)  level  with  a  limited  amount  of  resources. 

Continued  research  should  be  a  recommendation  from  this 
committee.  The  recommendations  that  follow  tend  to  expand  on 
what  would  be  done  in  a  research  program. 

The  government,  and  I  put  that  as  government  because  we 
didn't  decide  whether  it  was  NASA,  FAA,  or  who,  should  sponsor 
studies  to  identify  the  cost  and  complexity  of  some  of  these 
modifications  that  we  arc  talking  about.  Those  modifications  may 
be  applied  to  the  retrofit  case  with  the  current  fleet,  or  to  the 
new  designs  that  arc  coming  down  the  road. 

The  recommendation  was  that  a  high  priority  should  be  put  on 
looking  at  the  new  design  case,  because  if  you  can  influence  a 
design  for  minimum  cost,  it's  going  to  be  done  during  the  pre¬ 
design  phase,  not  after  the  aircraft  is  built. 


There  was  one  other  area  that  we  did  talk  about  and  we  tried 
to  come  up  with  a  recommendation.  It  was  relative  to  how  do  you 
yet  off  of  the  center  of  the  fence.  The  suggest  ions  that  have 
been  proposed  include  the  IAA  issuing  an  advance  notice  of  pro¬ 
posed  rule  making  and  getting  the  industry  to  respond.  That  met 
with  mixed  emotions  right  then  in  the  room.  Another  was  to  work 
with  the  airport  operators,  particularly  at  the  congested  airport 
and  start  charging  landing  fees  based  on  the  amount  of  air  space 
that  you  utilize  during  an  approach. 

There  arc  several  financial  and  regulatory  approaches  that 
could  be  taken,  but  we  as  a  group  I  don't  think  are  qualified  to 
make  specific  recommendations  to  those  issues.  1  think  it  is  an 
issue  that  ought  to  be  taken  to  the  industry  and  to  the  airlines 
sitting  together  in  a  room.  I  I"  they  decide  that  the  problem 
(capacity)  is  not  big  enough  to  worry  about,  then  we  ought  to 
leave  the  room  and  simply  continue  a  low  level  Ri,l'  effort. 

Is  there  anyone  from  the  committee  that  would  like  to  add  or 
subtract  from  the  things  that  I've  said?  If  not  ,  then  you  can 
open  it  up  for  questions. 

MR.  G  FIS  SOU'  :  I  think  that  in  some  respects  the  recommenda 
t  ions  might  be  a  little  inconsistent  with  the  points  that  were 
made  earlier.  One  of  the  things  that  didn't  come  through  clearly 
is  that  most  of  us  felt  that  although  our  understanding  of  the 
phenonena  is  incomplete,  if  implementation  was  decided  upon,  then 
there  is  enough  knowledge  in  hand  to  carry  out  an  implementation 
program  for  a  specific  aircraft  if  the  costs  and  the  other  bene¬ 
fits  warranted  a  decision  t o  start  such  a  program. 

MR.  STICKLE  :  Okav,  that  understanding  was  vours,  mine, 
and  several  others  in  the  room,  although  1  didn't  think  we  had  a 
unanimous  agreement  in  there,  that  that  was  the  case. 

MR.  GESSOW  :  There  might  not  have  been  unanimous  agree¬ 
ment,  but  most  of  the  group  felt  that  way. 
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MR  STICM.I  :  Roll,  I  fool  like  th.it,  ,nnl  vow  felt  tiki-  it. 
anil  I  think  several  others  felt  like  it.  but  there  wore  some  there 
who  d  iii  not  . 

MR.  (tr.SSOK  :  Kol  I.  then,  it  vour  t  irst  point  representevl  .1 
eonsensus  ot  the  group,  then  win  should  we  go  on  with  recommoiuhi 
t  i on s  two  anil  three? 

MR.  STICKI.h  :  Kell,  tor  one  thing,  we've  demonstrated 

alleviation  on  the  existing  fleet.  Ke've  ilone  it  from  an  expert 
mental  basis,  but  not  from  an  operational  sense.  So,  we  neoil  to 
iilentitv  what  eost  would  be  assm  iateil  if  you  would  app  1  v  that  eon 
eop  t  tot  he  e  11  r  t  en  t  I  I  i-e  t  . 

1  think  several  of  us  felt  we  have  the  tools  toilav  that  ean 
be  us  oil  to  assess  anil  evaluate  some  of  the  changes  on  the  new 
designs.  hoiking  with  tin'  indust rv,  I  think  thev  ean  take  those 
anil  then  turn  aromnl  .1  till  g  i  \  e  us  an  iilea  of  what  that  eost  woulil 
be.  atnl  then  have  a  eomparison  of  what  a  retrofit  versus  a  new 
eost  won  Kl  involve. 

MR.  lll'SSOK’  :  One  further  e  eminent  :  I  woulil  like  to  see  1  t  em 
stateil  a  bit  more  bro.nllv.  namely  that  the  government  sliouKI 
sponsor  sttiilies  wliieh  woulil  investigate  the  implieations  ot  imple 
ment  un;  some  of  these  alleviation  proeeilures,  unhiding  eeonomie, 
operational,  anil  safetv  1  ae  tors  . 

MR.  STHlKI.fi  :  1  guess,  that  was  mv  eomment  on  eomplexitv, 

beeause  the  eomplexitv  that’s  involved  not  only  involves  the 
meehanieal  eomplexitv,  but  the  influenees  of  other  operational 
problems,  ami  safetv  problems  that  veil  might  have.  \re  there 
other  eomment  s? 

Ihere  is  one  question  .tern  t'havkin  raised  at  the  last  moment, 
lie  wanted  us  to  vote  on  whether  or  not  we  ought  to  press  for  flight 
tests  on  the  IV  H' ,  if  thev  were  to  hoeome  available  m  Vehruarv 
of  next  tear.  I'he  eonsensus  was  that  a  vote  would  be  premature 
beeause  we  feel  we  don’t  have  enough  model  data  at  this  t  into  tv' 
support  it.  Ke  do  have  additional  model  test  that  will  eomo  in  the 
Mare  It  time  frame  with  the  IV  10  in  the  V  SI'OI  funnel  wliieh  would 
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be  looking  for  improved  alleviation  schemes  for  the  DC-10.  Depend¬ 
ing  on  what  we  have  then,  and  after  we  have  some  of  our  landing 
and  ground  effect  tests  cleared  away,  then  we  may  consider  the 
DC- 10  tests  would  be  needed.  Right  now,  we  feel  that  it  is  too 
premature  to  push  for  that  as  a  major  program. 

MR.  HODGE  :  All  right.  If  there  are  no  further  questions, 
we'll  hear  from  the  third  workshop  Chairman,  Joe  Tymczyszym,  Jr. 
on  Operational  and  Safety  Procedures. 

DR.  TYMCZYSZYN  ,  JR:  1  don't  have  any  view  graphs.  The 
first  part  of  the  workshop  dealt  only  with  VAS,  so  I'll  talk  just 
about  VAS  now. 

The  FAA  needs  to  announce  the  start  of  VAS  very  soon.  The 
starting  date  will  probably  be  April  1.  We  have  to  get  started 
real  fast  on  pilot  education.  We  asked  each  group  what  they 
though  they  would  need  before  starting.  The  airline  group  said 
that  they  would  need  the  FAA  film;  they  would  need  a  final  writeup 
with  more  details  of  VAS.  In  other  words,  more  thorough  than  the 
film,  and  they  would  need  a  boiled  down  version  of  Hallock's 
Safety  Analysis,  as  Jim's  is  one  inch  thick,  but  they  need  a  much 
shorter  one  that  hits  the  high  points  but  is  easier  to  understand. 

VAS  should  be  a  part  of  airline  recurrent  training,  although 
since  that  only  happens  every  six  months  some  of  the  captains 
won't  have  recurrent  training  before  VAS  starts,  but  everybody 
should  be  handled  other  than  recurrent  training  through  bulletins 
and  initial  sheets  and  so  forth. 

Hallock  feels  that  it  would  be  very  good  for  each  pilot  to 
have  personal  instruction  in  recurrent  training  on  VAS.  For  busi¬ 
ness  aircraft,  we've  got  to  get  something  out  in  AIM  Part  3A 
pretty  quick.  NBAA  asked  for  about  the  same  thing  as  the  airlines 
would  get  in  terms  of  the  film  and  our  final  write-up  of  VAS  and 
the  safety  analysis. 

These  comments  we  ought  to  coordinate,  also  internationally  and 
with  the  Air  Force.  Myron  Clark  gave  the  phone  number  of  the  FAA 
VAS  Program  Office  and  made  them  available  to  any  group  that  wants 
to  have  a  meeting  to  discuss  VAS  further. 
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Wo  d  i  scussed  aiul  probably  recommend  that  flight  Standards  put 
out  Air  farrier  Operations  bulletins  in  which  we'd  call  for  the 
Principal  Operation  Inspectors  of  the  airlines  and  the  I  \\  people 
t o  talk  it  over  with  the  carriers  to  yet  V AS  into  a  training  pro 
y  ram . 

Now,  when  we  operate  \  \S,  we  will  bate  reports  of  am  encoun 
tors.  We're  not  expect  iny  am  encounters,  but  if  we  yet  one,  the 
pilot  will  call  the  controller  on  the  microphone  riyht  awa\  ami 
\  AS  will  be  stopped  immediatoix  if  the  incident  bad  somethiny  to 
do  with  \  AS.  In  other  words,  if  V  AS  was  in  a  rod  liyht  condition, 
and  t hex  weren't  even  us  iny  it  and  there  has  an  incident,  we're 
not  yoiny  t  o  stop  \  \S  because  of  it.  but,  it'  \  AS  was  beiny  opera 
ted,  \  \S  spacinys  were  beiny  used  and  we  bate  an  incident,  then  we 
would  call  a  halt  t o  it  and  invest iyate  it  on  the  spot. 

The  criteria  for  what's  an  unacceptable  incident  will  mostly 
be  left  up  to  pidot  judgment.  It'  he  defines  it  as  hazardous,  he 
will  be  into r\ i owed . 

I  here  will  be  an  f\\  point  of  contact  there  at  fhicayo  with  a 
phone  number  available.  lie'll  be  phvsicallv  located  at  t'bicayo. 

We  net'll  to  hate  a  form  for  uniform  report  iny  of  those  incidents, 
and  both  the  Ilk  and  t'anada  volunteered  to  yivo  us  their  forms  to 
work  from. 

We  also  want  to  keep  a  count  of  the  number  of  missed  approachc 
due  t o  the  liyht  yoiny  from  yreon  to  red  and  also  double  missed 
appro.it'  he  s . 

We  will  have  a  problem  in  that  sometimes  a  pilot  w  i  1  1  encoun 
ter  enyine  turbulence  or  enyine  wake  from  a  depart iny  aircraft. 
We’re  yoiny  to  hate  to  look  at  that  so  we  don't  consider  that  a 
vortex  encounter. 

lhe  \  AS  status  of  each  runwav  will  not  be  on  the  \MS  because 
there  are  too  main  runwavs,  some  on  rod,  some  on  yreon  too  complex 
so  each  pilot  should  then  assume  that  \ AS  is  on  the  yreon  liyht. 
Runwav  selection  will  not  be  based  on  \ AS  for  two  reasons. 
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Number  Oiu' ,  the  air  traffic  controllers  toll  us  t  Ho  changing 
ot’  runwav,  in  other  words,  trying  to  cot  a  green  1  i t  runwav 
instead  ot  a  rod  light  runway,  loses  von  more  capacity  than  voti 
>;ot  h\  havinc  ■>  green  light.  Secondly,  we’re  not  going  give  tho 
pilot  a  runwav  with  a  crosswind  on  purpose,  especially  it  1 1  ’  s  tcv 
or  wet,  lust  so  he’d  got  •'  c  re  on  l  i  c  h  t  . 

t\o  did  determine  that  there  was  an  increased  need  tor  coordi 
nation  on  V  AS  and  the  low  level  Wind  Shear  \lert  Si  stem  as  1  have 
already  suggested. 

Okav.  that  ends  \  \S.  Then  we  started  talking  about  allevia 
t t on  and  before  we  got  into  a  technical  discussion  of  the  opera 
ttonal  and  cer t i f i ca t i on  end  of  it,  we  came  up  with  some  bic  pie 
turc  items. 

I  vor vone  was  in  agreement  that  it  was  oln  ions  that  allot  1a 
t i on  is  needed.  It’s  more  a  quest  ion  of  timing.  One  problem,  of 
course,  is  the  benefit  does  not  accrue  tv'  the  cuv  ''ho  his 

monev  direct  lv;  then  there  is  a  chicken  and  the  egg  prv'blem. 

Nobodv  wants  to  see  tho  alleviation  work  d  i  e  v'ut  .  We  do  need 
studies  of  operational  and  cert i t icat ion  aspects  with  I  V\  and 
NASA. 

Now ,  in  the  past,  the  airlines  have  wanted  to  solve  the  dolav 
problem  on  t he  ground  with  I  AA  monev,  and  this  appealed  to  a  large 
number  of  1 AA  people,  who  were  ground  based  oriented.  but ,  the 
feeling  is  swinging  around  such  that  we  now  see  that  alleviation 
is  oxtrcmolv  desirable  and  almost  inevitable  if  the  svstem  is 
going  tv'  keep  growing;  at  least  ,  we  hope  it  wi  1  l  .  1  he  interest  ot 

the  airlines  manufacturers  seems  tv'  be  on  the  upswing. 

five  government  .  I  AA,  NASA,  and  I  St' ,  should  provide  the  leader 
ship  and  the  catalvstl  though,  we  detinitoly  can’t  go  it  alone 
without  the  airlines  and  the  manufacturers. 

the  economic  anal  vs  is  ot  these  alternatives  tv'  achieve  more 
acceptance  should  be  continued  because  we  found  a  lack  ot  people 
accepting  the  economic  analysis  and  its  results. 
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Now,  wo  t  htMi  turn  t  o  specific  tecommenda  t  i  on  s  on  programs 
which  I  \\,  \\s\.  .nut  l  St'  should  find  aiul  undertake  and  support 
with  people  and  mone\  to  studx  the  operational  and  rert  iln.it  ion 
a spee  t  of  a  1  lev  i at  i on  . 

Hie  first  idea,  which  was  similar  to  Workshop  One,  has  t  >> 
give  seed  monox  cent  r.nt  s  to  the  three  aircraft  uanuf.u  lurers  for 
looking  at  how  to  eertitx  the  alleviated  airerat't  --new  and  retro 
tit. 

\v'w  the  idea  here  is  to  find  out  it  tlie\  are  eertit'iahle  and 
how  much  extra  eost,  eomplexitv,  drawhaeks,  noise,  t'uel,  and  bad 
aspeets  would  eome  up,  but  it'  ixe  know  how  to  eertitx  something 
that  means  x\e  know  it  prettx-  damn  well.  So,  t  r\  mg  1 1'  figure  i'ut 
tn'w  to  certifx  it  would  get  us  a  lot  of  answers. 

1  lie  items  in  there.  I’ll  itist  go  oxer  verx  quicklx;  \  on  don't 
need  to  copx  all  these  down,  they're  teehnieal  items  like  approach 
speed,  landing  distances,  spoilers  retraction  it  near  the  stall, 
increase  pitch  attitude,  trim  requirements,  failure  mode,  main 
tain  mg  roll  control  without  stopping  the  a l  lev  i  a t  i  on  ,  noise, 
engine  treatment,  t'uel,  structures,  operational  items,  and  normal 
and  emergeiu  \  missed  approaches.  Hie  1  \\  certific.it  ion  engineers 
and  pilots  should  be  involved  in  this  and  pret'erablx  the  1  \  V  input 
on  flits  would  be  working  with  t  lie  companies  in  the  region,  so  the 
hoeing  people  would  be  working  with  the  1  \  \  Northwest  Region 
co  rt i licat  i on  poop  1  e . 

It  was  pointed  out  that  the  companv  can't  make  all  the  dec  i 
sions  on  what  the  l.\.\  is  going  to  accept  .  lhox're  going  to  be 
dickering  back  and  forth  with  the  1\\,  so  the  I  \\  cert i ticat ion 
people  have  to  get  in  on  it. 

rh.it  was  number  one.  not  in  prioritv,  but  inst  m  the  order 
1 ’ m  giving. 

1  he  next  project  which  would  require  I'W.  N\S\.  and  1  Sf  work, 
is  a  short  term  project  to  redefine  the  boundaries  between  the 
categories  Heavy,  large  and  Small.  I'vervbodv  knows  there’s  no 
particular  rational  basis  for  having  1J.500  pounds  and  .xPO.OOi' 
pounds  be  the  boundaries. 
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We  should  redefine  it  based  on  the  hazard  and  not  the  maximum 
gross  take-off  weight.  There's  some  suggestions  of  using  the 
actual  landing  weight  or  actual  take-off  weight,  we  didn't  get  far 
into  it.  But,  we  have  situations  now  where  a  so  called  heavy  707 
could  land  at  a  lighter  weight  than  the  so  called  non-Heavy  707  and 
that  doesn't  make  much  sense. 

Also,  the  7b7-200  may  eventually  grow  to  over  300,000  pounds 
but  because  of  its  higher  aspect  ratio;  it  will  probably  have  a 
much  weaker  vortex  than  a  lot  of  the  so  called  Large  aircraft,  and 
might  have  shown  an  improvement  of  about  3  per  cent,  for  example, 
if  the  Heavy  707's  and  DC8's  could  he  reclassified  as  Large. 

Well,  that's  part  of  Phase  One  of  a  certain  effort.  Phase 
Two  is  longer  term  and  goes  in  a  little  deeper.  How  would  we  be 
able  to  certify  an  alleviated  aircraft,  say  an  alleviated  Heavy  as 
a  Large  or  a  Small,  and,  therefore,  give  reduced  spacing  behind  it. 
This  would  take  work  by  FAA,  NASA  and  TSC .  They  would  require  a 
combination  of  flight  tests,  wind  tunnel,  water  tank,  smoke  towers, 
laser  van,  analysis,  big  computers,  and  we'd  have  to  search  out 
the  whole  envelope  to  make  sure  there  were  no  vortices  anywhere. 

Now,  I  leave  the  recommended  researcli  project  for  just  a 
minute  to  insert  a  few  recommendations.  1  didn't  find  any  enthu¬ 
siasm  in  my  group  for  rule-making,  either  advanced  notice  or  notice 
of  proposed  rule-making,  and  people  felt  we  could,  if  you  wanted 
information  from  the  industry,  technical  discussions,  get  it 
faster  through  meetings  like  this  or  technical  meetings,  rather 
than  the  advanced  notice  of  proposed  rule-making  process. 

There's  also  a  discussion  about  the  philosophy  of  rule-making 
for  increasing  capacity  as  opposed  to  our  normal  function  of  rule- 
making  for  safety. 

We  had  a  pretty  lively  discussion,  but  we  didn't  come  to  any 
agreement  on  use  of  landing  fees,  that  is,  charge  higher  landing 
fees  for  the  aircraft  that  requires  others  to  follow  it  at  six 
miles,  and  so  forth. 


9-19 


Another  effort  that  requires  further  RtiD  which  is  alreadv 
begun,  but  hasn’t  been  completed  !"•  TSC  and  I  AA  and  which  mav  need 
NASA  help,  is  how  do  we  get  reduced  separations  outside  the  outer 
marker  and  preferable  with  \  AS'.' 

At  Chicago  we’re  hamstrung  in  that  the  aircraft  have  five 
mile  separation  outside  the  outer  marker  it'  it’s  a  large  following 
a  Heavy.  Then  you  can  use  three  miles  inside  the  outer  marker, 
but  you  can’t  get  there  because  vou  can’t  close  up  two  miles  in 
two  and  one  half  minutes.  So,  if  we  could  get  shorter  separations 
outside  the  outer  marker,  that  would  improve  the  pavoff  of  A  AS  an 
lot,  but  we  haven't  been  able  to  establish  vet  that  it's  safe, 
so  it  should  be  investigated. 

It'  we  can't  show  that  it's  safe  with  A  AS,  then  probable  only 
alleviation  would  work  outside  the  outer  marker  which  would  then 
allow  you  to  get  actual  three  mile  spacings.  However,  there  mav 
be  problems  in  that  event,  because  if  the  aircraft  were  in  an 
approach  con f i gura t i on  outside  the  outer  marker  as  opposed  to  in  a 
landing  configuration,  the  alleviation  probabl'  won’t  work  as  well. 
In  that  case  it  might  have  to  be  put  into  landing  configurations 
sooner  and  that  would  exact  fuel  penalties.  So,  we  didn’t  come  to 
any  big  conclusions  on  that,  but  we  did  identifv  it  as  a  problem. 

On  the  DC-10  flight  tests,  February  and  March  lO';1,  we  felt 
that  the  general  concensus  was  we  should  trv  1 fund  it,  because 
if  we  miss  it,  we  don’t  know  when  we  are  going  to  get  another 
DC-10  again  for  flight  tests. 

Now,  on  KA  AS  versus  alleviation,  and  we  included  airborne 
also,  we  iust  decided  there  wasn't  enough  information  today  to 
make  a  decision  on  which  way  to  go,  but  we  feel  that  F  AA  should 
split  its  money  so  that  hopefully  a  year  from  now,  these  projects 
that  we  have  talked  about,  would  provide  enough  data  to  put  us  in 
a  better  position  to  try  tv'  make  a  decision  between  alleviation 
or  avoidance  or  a  combination  of  them.  That  is,  we  need  to  know 
a  little  more  before  we  can  make  major  decisions  on  how  we're 
going  to  spend  millions  and  millions  of  dollars  over  t  lie  next  ten 


'ears.  In  other  words,  do  enough  studies  to  assess  them,  not 
necessarily  to  develop  avoidance. 

Ihere  was  a  lot  of  interest  in  airborne  detection,  a  g r e a t 
deal  more  interest  in  the  workshop  than  there  was  in  the  session, 
and  people  felt  that  mono \  should  be  spent  on  it.  Such  that  it 
could  be  brought  to  the  same  status  as  the  other  two  so  it  can  be 
oval ua t ed  a  1  so . 

\nothcr  unknown  was  what  do  we  do  about  take  off  or  departure 
Nobodv’s  come  up  with  anything  vet,  but  we'll  need  it. 

1  lie  final  general  recommend.it  ion  is  that  we  and  the  I  A  A 
should  probably  support  a  letter  from  the  1\\  \dmini st rater  to  the 
NASA  Administrator  re  -  emphas  i  .*  ing  the  importance  of  the  program. 
Then  we  should  back  up  our  words  with  money  and  people  and  get 
together  with  NASA  and  TSl?  and  develop  an  overall  program  plan  for 
using  the  monev  and  people  on  the  problem.  That's  all. 

VR.HPDGF  :  T>o  we  have  any  questions  of  doe  or  any  of  the 
prior  speakers? 

Question  ( H>  Robert  Kedan)  bid  1  hear  an  incons  i  stencv 
between  your  recommendations  on  the  IV  1 0  from  the  previous 
recommendnt ion? 

Answer  i R\  doe sph  lvmczysrvn,  dr.l  les. 

MR.  STICKLF  :  Yes,  he  did  but  vou've  got  to  remember  one 
thing,  that  we  made  it  on  the  basis  that  we  might  have  a  model 
test  first.  The  model  test  is  based  on  the  availahilitv  of  the 
model;  we  could  put  together  a  model  and  run  the  test  earlier, 
then  we'd  be  in  agreement.  So,  if  we  had  the  model  to  test 
earlier,  we  could  support  that. 

PR,  TYMCZYSZYN.  JR.  :  IV e  didn't  get  a  chance  to  discuss  it 
in  detail  although  it  was  obvious  that  if  we  miss  that  time  slot 
of  a  two  week  period  at  the  end  of  February  and  earlv  March  of  '”9 
there  isn't  going  to  be  a  IV- 10  available  for  who  knows  when. 

MR.  I10DGF  :  Now.  it's  the  intent  of  Rob  and  myself  as 
co-chairman  to  get  together,  hopefully,  next  week  or  the  week 
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alter,  at  the  latest,  with  the  three  chairmen  of  the  sessions  to 
polish  up  the  wording  and  what  not  of  these  recommendations  from 
the  workshops  and  have  them  included  in  the  proceedings. 

I  don't  have  an>  great  words  of  wisdom  to  improve  or  enlarge 
upon  these  recommendations,  I'll  ask  Bob  if  he  does  in  a  moment, 
however.  Hits  has  been  very  useful  to  us  in  giving  us  some  indi¬ 
cations  of  the  industry  ami  other  users'  views  on  the  subject  of 
wake  vortex  alleviation  and  avoidance. 


Question  [By  Kenneth  Hodge  1  Bob,  do  you  have  further  words 
to  sav? 


Answer  (Robert  Kedan)  I'd  just 
I'd  like  to  make  it  ven  clear,  that 
on  the  program  eontrarv  to  what  you 
respect  to  NASA's  program. 


like  to  make  one  comment,  and 
the  1 AA  is  continuing  work 
mav  have  concluded  with 


IV e  are  cent  inning  the  work  on  the  VAS  at  Chicago,  we  are 
planning  to  continue  R  i\  0  work  on  enhancement  poss  ib  i  1  i  t  ies  ,  so 
some  of  these  recommendations  that  have  been  made  are  in  alignment 
with  that.  Our  concerns  about  moving  onto  development  work  on 
more  sophist icated  systems  was  addressed.  Kc  feel  comfortable 
that  the  comments  coming  hack  do  .fit  very  well  with  our  concerns 
in  that  direction.  We  certainly’  arc  moving  ahead  with  the  program 
and  the  only  question  that  wo  really  have  to  finalize  now  is  the 
extent  to  which  we  modify  the  progress  we're  making  or  intend  to 
make. 


Incidentally,  1  would  like  to  take  this  opportunity  to  thank 
everybody  who  participated  in  the  workshops.  I'm  very  pleased  with 
the  feedback  that  we  got,  and  we  hope  that  we  can  polish  it  tip  to 
make  something  sensible  out  of  the  whole  thing,  and  again.  1 
appreciate  the  participation  by  everybody. 

MR.  HODGE  :  As  a  final  word,  I'd  like  to  say  that  a  good 
many  of  us  here  are  familiar  with  the  others  working  in  this  area 
from  prior  occasions,  workshops,  and  what  not ,  and  1  hope  that 
we've  made  some  additional  contacts  which  will  open  and  improve 


channels  ol  n'liimunu.il  ion,  so  wo  can  continue  to  work  closol\ 
hotwoon  imlustr\  .nul  t  ho  yovernmont  side  ol  t  ho  activity  .is  wo 
ooiitiimo  on r  progress  on  I  ho  wake  vortex  avoidance  ami  minimi: 
i  i  on . 

I  han k  von  .  .ij;a  i  n  . 
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